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imJB OF THE INVENTION 

PPAR ALPHA SELECnVE COMPOUNDS FOR TEffi TREATMENT OF 
DYSUProEMIA AND OTfDBR LIPID DISORDERS 

5 FIELD OF TEffi INVENTION 

The instant invention is concerned with a class of beiazodihydiofutan 
compounds and phatmaceutically acceptable salts thereof which aie useful as 
therapeutic confounds, particularly in the treatment and control of hyperlipidemia, 
hypeicholesterolenoda, dysUpidemia, and other lipid disorders, and in delaying the 
10 onset of or reducing the risk of conditions and sequelae liiat are associated with liiese 
diseases, including atherosclerosis and Type 2 diabetes mellitus, often referred to as 
non-insulin dependent diabetes (NIDDM). 

BACKGROUND OF THE INVENTION 

15 Disorders of lipid metabolism (dyslipidemias) include various 

conditions characterized by abnormal concentrations of one or more lipids (i.e. 
cholesterol and triglycerides), and/or apolipoproteins (i»e., apolipoproteins A, B, C 
and E), and/or lipoproteins (i.e., the macromolecular complexes formed by the lipid 
and the apolipoprotdn that allow lipids to circulate in blood, such as Low Density 

20 lipoproteins (LDL), Very Low Density Lipoproteins (VLDL) and Ihtennediate 
Density Lipoproteins (IDL)) . Cholesterol is mostly carried in Low Density 
lipoproteins (LDL), and dds component is commonly known as the "bad*' cholestml 
because it has been shown that elevations in LDL-cholesterol correlate closely to the 
risk of coronary heart disease. A smaller component of cholesterol is carried in the 

25 High Density lipoproteins (HDL) and is conomonly known as the "good" cholesterol. 
In fact, it is known tiiat the primary function of HDL is to accept cholesterol 
deposited in the arterial wall and to transport it back to the liver for disposal through 
the intestine. Althou^ it is desirable to lower elevated levels of LDL cholesterol, it is 
also desirable to increase levels of HDL cholesterol. Generally, it has been found that 

30 increased levels of HDL are associated with a lower risk for coronary heart disease 
(CHD). See, for example, Gordon, et al.. Am. J. Med, 52, 707-714 (1977); Stampfer, 
et al., N. England J. Med., 325, 373-381 (1991); and Kannel, et al., Ann. Internal 
Med., 90, 85-91 (1979). An example of an HDL raising agent is nicotinic acid, a drug 
with limited utility because doses that achieve HDL raising are associated with 

35 undesirable effects, such as flushing. 
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Dyslipidemias were originally classified by Fredrickson according to 
the combination of alterations mentioned above. The Fredrickson classification 
includes 6 phenotypes (i.e., I, Ea, lib, HI, IV and V) with the most common being the 
isolated hypercholesterolemia (or type Da) which is usuaDy accompained by elevated 
5 concentrations of total and IDL cholesterol. The initial treatment for 

hypercholesterolemia is often to modify the diet to one low in fat and cholesterol, 
coupled with appropriate physical exercise, followed by drag therapy when LDL- 
loweiing goals are not met by diet and exercise alone 

A second common form of dyslipidemia is the mixed or conibined 
10 hyperlipidemia or type lib and m of the Fredrickson classification. This dyslipidemia 
is often prevalent in patients with type 2 diabetes, obesity and die metabolic 
syndrome. Iq this dyslipidemia there are modest elevations of LDL-cholesterol, 
accompanied by more pronounced elevations of small dense LDL-cholesterol 
particles, VLDL and/or IDL (i.e., triglyceride rich lipoproteins), and total 
15 triglycerides. In addition, concentrations of HDL are often low. 

Peroxisome proliferators are a structurally diverse group of compounds 
that when administered to rodents elicit dramatic increases in the size and nxmaber of 
hepatic and reaial peroxisomes, as well as concomitant increases in the capacity of 
peroxisomes to metabolize fatty acids via mcreased expression of the enzymes of the 
20 beta-oxidation cycle. Compounds of tiiis group include bm are not limited to the 
fibrate class of lipid modulating drugs, herbicides, phfhalate plastidzers and the 
glitazones, a class of compounds that has been under investigation for the treatment of 
type 2 diabetes. Peroxisome proliferation is also triggered by dietary or physiological 
factors such as a high-fat diet and cold acclimatization. 
25 Three sub-types of pOT)xisome prolifieacator activated receptor (PPAR) 

have been discovered and described; tiiey are peroxisome proliferator activated 
receptor alpha (PPARa), peroxisome proliferator activated receptor gamma 
(PPARy) and peroxisome proliferator activated receptor delta 0PPAR6). PPARa is 
activated by a number of medium and long-chain fatty acids, and it is involved in 
30 stunulating p-oxidation of fatty acids. PPARa is also associated with the activity of 
fibrates and fatty acids in rodents and humans. Fibric acid derivatives such as 
clofibrate, fenofihrate, bezafibrate, ciprofibrate, beclofibrate and etofibrate, as well as 
gemfibrozil, each of which are PPARa ligands and/or activators, produce a substantial 
reduction in plasma triglycerides as well as some increase in HDL. The effects on 
35 UDL cholestm)l are inconsistent and might depend upon tiie compound and/or the 
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dyslipidemic phenotype. For these reasons, this class of compounds has been 
primarily used to treat hypertriglyceridemia (i.e, Fredrickson Type IV and V) and/or 
mixed hyperlipidemia. 

The PPARy receptor subtypes are involved in activating the program of 
5 adipocyte differentiation and are not involved in stknulating peroxisome proliferation 
in the liver. There are two known protein isofoims of PPARy : PPARyl and PPARy2 
which differ only m that PPARy2 contams an additional 28 amino acids present at the 
amino terminus. The DNA sequences for the human isotypes are described in 
OhtBcht,etal.,BBRC224;431-437(1996). In mice, PPARy2 is expressed 

10 specifically in fat cells. Tontonoz ef a/.. Cell 79: 1147-1156 (1994) provide evidence 
to show that one physiological role of PPARy2 is to induce adipocyte differentiation. 
As with other members of the nuclear hormone receptor superfamily, PPARy2 
regulates the expression of genes through interaction with other piotems and binding 
to hormone response elements, for example in the 5' flanking regions of responsive 

15 genes. An example of a PPARy2 responsive gene is the tissue-specific adipocyte P2 
gene. Although peroxisome proliferators, including the fibrates and fatty acids, 
activate the transcriptional activity of PPAR's, only prostaglandin J2 derivatives have 

been identified as potential natural ligands of flie PPARy subtype, which also hinds 
thiazolidinedione antidiabetic agents with high affinity. 

20 The human nuclear receptor gene PPAR6C1PPAR8) has been cloned 

from a human osteosarcoma cell cDNA library and is fully described in A. Schmidt et 
al.. Molecular Endocrinology, 6 :1634-1641 (1992). It should be noted that PPAR8 is 
also refmred to in the literature as EPARP and as NUCl, and each of these names 
refers to the same receptor; in Schmidt et al the receptor is referred to as NUCl. 

25 In WO96/01430, a human PPAR subtype, hNUClB, is disclosed. The 

amino acid sequence of hNUClB differs from human PPAR8 (referred to therein as 
hNUCl) by one amino acid, i.e., alanine at position 292. Based on in vivo 
experiments described therein, the authors suggest that hNUClB protein represses 
hPPARa and thyroid hormone receptor protein activity. 

30 It has been disclosed in W097/28149 tiiat agonists of PPAR5 aie 

useful in raising HDL plasma levels. PPAR6 agonists have recentiy been disclosed in 
US Provisional Application Serial No. 60/297,356 as having utility in the treatment of 
various inflammatory diseases, such as riieumatoid arthritis. W097/27857. 
97/28115, 97/28137 and 97/27847 disclose compounds that are useful as antidiabetic, 
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antiobesity, anti-atherosclerosis and antihyperlipidemic agents, and which activate 
PPARs. 

It is generally believed that glitazones exert their effects by binding to 
the peroxisome proliferator activated receptor (PPAR) family of receptors, controlling 
5 certain transcription elements having to do with the biological entities listed above. 
Glitazones are benzyl-2,4-thia2olidinedione derivatives. See Btalin et al., Current 
Phann. Design (1996) 2, 85-102. 

A numbar of glitazones that are PPAR agonists have been approved for 
use in the treatment of diabetes. Hiese include troglitazone, rosiglitazone and 
10 pioglitazone, all of which are primarily or exclusively PPARy agonists. Many of the 
newer PPAR agonists that are currently under development or are in clinical trials 
have dual PPARa and y activity, such as KRP-297. The PPARo/y agonists are 
expected to improve both insulin sensitivity and the lipid profile in patients having 
MDDM. 

15 Although glitazones have been beneficial in the treatment of NIDDM, 

there have been some serious adverse events associated with the use of flie 
compounds, especially troglitazone, which was eventually withdrawn- The most 
serious adverse events have been liver toxicity, which resulted in a number of deaths. 
Because of the problems that have occunred witii ttie glitazones, researchers in a 

20 number of laboratories have been investigating classes of PPAR agonists that do not 
contain 1,3-tiiiazolidinedione moieties and therefore are not glitazones. 

Compoimds that are agonists of ttie various PPAR sub-types are 
expected to be useful in flie treatment of diseases and conditions that respond to 
treatment with PPAR agonists, regardless of whether the compounds are glitazones. 

25 These include dyslipidemia, diabetes, and related conditions. PPARa agonists 

improve the lipid profile and alleviate dyslipidemias by reducing elevated LDL levels, 
reducing elevated triglyceride levels, and increasing HDL levels. PPARy agonists 
improve insulm sensitivity, reducingtiie need for insulin secretagogues and insulm 
injections in patients with NIDDM. The role of PPARS is less well defined, but 

30 PPARS also appears to help control hyperlipidemia and hyperglycemia in type 2 
diabetic patients. 

SUMMARY OF THE INVENTION 

The class of compounds described herein is a new class of potent and 
35 selective PPARa agonists that do not contain a 1,3-thiazolidinedione moiety. Tlie 
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compounds generally exhibit high activity at the PPARa receptor and little or no 
activity at the PPARy and PPAR5 receptors, as evidenced by their assay data. The 
compounds are useful in the treatment of diseases, disorders and conditions that are 
treated or ameliorated by PPARa agonists. 
5 The compounds are useful in treating one or more of the following 

conditions: mixed or diabetic dyslipidemia; other lipid disorders, including isolated 
hypercholesterol^Qua as niianifested by elevations in LDL-C and/or non-HDL-C; 
hyperapoBliproteinemia; hypertriglyceridemia; elevated triglyceride-rich- 
lipopioteins; and low HDL cholest^l concentrations. The coii:q)Ounds may also have 

10 utility in the tteatment of atherosclerosis, obesity, and vascular restenosis. They may 
also potentially be useful in treating inflammatory conditions and insulin sensitivity. 
As a result of fheir utility in treating and ameliorating one or more of lipid disorders, 
obesity, dyslipidemia, and insulin sensitivity, the compounds also may be effective in 
treating or ameliorating the metabolic syndrome, also Imown as Syndrome X. Hiey 

15 nwiy also help to reduce the risk of developing atherosclerosis^ 

The present invention provides compounds having the structure of 
Formula I, including pharmaceutically acceptable salts and prodmgs of these 
compounds: 



HO2C P~Y^A 3 4 




A 

20 I 

In the compounds of Formula I, 

R is selected from a group of substituents consisting of 

(a) C1-C6 ^l^lf which is optionally substituted with 1-5 halogens 

25 independendy selected from F and CI, and 

(b) -(CH2)0-2C3-C6 cycloalkyl, wherein said cycloalkyl is 

optionally substituted with 1-2 groups independently selected 
from halogen, CH3, and CF3 ; 



30 



R is selected from a group of substituents consisting of 
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(a) CI, 

(b) F, 

(c) Ci-C4al]cyl, which is optionally substituted with 1-5 halogens 

independently selected from F and CI, and 
5 (d) -(CH2)0-2C3-C6 cycloalkyl, wherein said cycloallgrl is 

optionally substituted with 1-3 groups independently selected 
from halogen, CH3, and CF3; 

2 

R is selected from a group of substituents consisting of 

10 

(a) -OCi-C6alkyl, which is optionally substituted with 1-5 

halogens independently selected from F and CI, 

(b) -SCi-Cealkyl, which is optionally substituted with 1-5 

halogens independently selected from F and CI, 
15 (c) (CH2)0-3C3-C6cycloalkyl, wherein said cycloalkyl is 

optionally substituted with 1-3 groups independently selected 
firom halogen, CH3, and d^; and 

(d) Ci-Cealkyl, which is optionally substituted with 1-5 halogens 
independently selected fcom F and Q; 

20 

Each R3 and each R4 is independently selected ficom H, CI, F, and Ci- 
Csalkyl, wherein Ci-C3alkyl is optionally substituted with 1-3 
halogens, which are independently selected from CI and F; 

25 The substituents A and the substituents B may be alike or different. 

Each A and each B is independently selected from the group consisting 
of 

(a) H, 

(b) Halogen, 

30 (c) Ci-Cealkyl, which is optionally substituted with 1-5 halogens 

indq)endently selected from F and CI, and 
(d) -O Ci-Cealt/l. which is optionally substituted with 1-5 

halogens independmfly selected from F and CI; 
35 X and Y ate independentiy selected from O, S, and CR3r4; and 
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n is an integer from 1-3. 

In the above summary, reference to alkyl groups by carbon number, 
5 such as C3 alkyl or C3-6 alkyl, refers to both linear and branched alkyl groups. 

The compounds described above are effective in treating diseases or 
conditions that respond to treatment with PPARa agonists. The compounds are 
expected to be efficacious in treating and ameliorating one or more of the following 
diseases or conditions: hyperlipidemia, dyslipidemia, hypercholesterolemia, 

10 hypertrigyceridemia, hyperglycemia, and obesity. The confounds may also be 
efficacious in treating non~insuIin dependent diabetes mellitus (NIDDM) and/or 
conditions that are often associated with NIDDM, but which may be present in non- 
diabetic patients as well, including hyperlipidemia, dyslipidemia, 
hypercholesterolemia, hypertrigyceridemia, and obesity. The compounds may also be 

15 effective in treating atherosclerosis, hyperinsulinemia, vascular restenosis, and 

inflammatory conditions. The compounds may be effective in delaying or reducing 
the risk of some of the sequelae of NIDDM, such as atherosclerosis, vascular 
restenosis, and retmopathy by amehorating the conditions that contribute to the 
development of these diseases. They may also be effective in reducing cardiovascular 

20 events that occur in human patients having metabolic syndrome, such as coronary 
heart disease, by ameliorating some of the risk factors that are associated with 
metabolic syndrome. 

DETAILBD DESCRIPTION OF THE INVENTION 

25 The invention has numerous embodiments. Several preferred sub- 

groups of compounds are described below: 

One embodiment of the mvention comprises compounds of 
formula I in which X and Y are each independently selected from S 
30 andO. 

Another embodiment comprises compounds of Formula I, 
wherein X and Y are O. 



# 
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In another embodiment, each R3 and each R4 is independently 
selected from H, CI, F, CH3, and CF3. 

In some preferred embodiments, R3 and R4 of Formula I aie R 

5 

In oflier embodiments, R is C1-C4 alkyl, which optionally may 
be substituted with 1-3 R 

In additional subsets of compounds of Formula I, each A and 
each B is independently selected from H CI, F, Br, CH3, CF3, -OCH3, 
and-OCF3. 

In other preferred subsets of compounds of Formula I, A and B 
arebotha 

Another subset of compounds of Formula I comprises 
compounds where Rl is selected from CI and C2-C4allqrl, where C2- 
C4alkyl is optionally substituted with 1-5 halogens independently 
selected from F and CL 

An additional embodiment comprises compounds of Formula I 
in which Rl is selected from CI and C2-C4 alkyl. 

Another embodimrait of the invention comprises compounds of 
Formula I m which R2 is selected from Ci-Csallqrl, -OCi-Csalkyl, 
and -SCi-Csalkyl, where Ci-Csalkyl, -OCi^salkyl, and -SCi- 
Csalkyi optionally are substituted with 1-5 F atoms. 

In many preferred compounds of Formula I, n is 2 or 3. 
30 

A preferred group of compounds of Formula I, including 
phaimaceutically acceptable salts thereof, is described as follows: 

R is C1-C4 alkyl, which is optionally substituted with 1-3 F; 



15 



20 
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is selected from CI and C2-C4alkyl; 



5 



is selected from Ci-C5alkyl. -OCi-Csalkyl, and -SCi-Csalkyl, 
where Ci-Csalkyl, -OCi-Csalkyl, and -SCi-Csallqd are optionally 
substituted witti 1-5 F; 



R3,R4,A,andBareH; 



10 



XandYaieO; and 



nis2or3. 

Specific examples of compounds of this invention are provided as 
15 Examples 1-24, listed by name below. Their structures are summarized in the Table 
immediately before the Examples. The following compounds, including 
pharmaceutically acceptable salts and prodrugs of these compounds, are specific 
embodiments of this invention: 

20 Example 1 : 5-{3-[2-ailoro-4-(2,2,2-trifluoro-e1hoxy)-phenoxy]-propoxy}-2-^ 
2,3-dihydro-b»izoftiran-2-carboxylic acid. 

Example 2: 5-{3-[4-(2,2-Dimethyl-propyl)-2-propyl-phenoxy]-propoxy}-2-meth^^ 
2,3'<lihydro-benzofuran-2-carboxylic acid. 



Example 3: 5"[3-(2-Chloro-4-trifluoromethoxy-phenoxy)-propoxy]-'2-methyl-2,3-. 
dihydro-benzofuran-2-carboxylic acid. 

Example 4: 5-{3-[4-(2,2-Dimethyl-propyl>2-propyl-phenoxy]-propoxy}-2-et^^^^ 



Exanq)le 5: 2-Ethyl-5-[3-(2-propyl-4-trifluoromethylsulfanyl-phenoxy)-prDpoxy]-2,3- 
dihydro-benzofiiran-2-carboxylic acid. 



25 



30 dihydro-benzofuran-2-carboxylic acid. 
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Example 6: 5-[3<2-CWoro-4-trifluoroinethylsiilfanyl-phenox 
dihydro-benzofuran-2-carboxylic acid. 

5 Example 7: 5-[3-(4-fert-Butyl-2-K:hloro-phenoxy)-propoxy]-2-ethyl-23-<^ 
benzofiiran-2-carboxylic acid. 

Example 8: 5-[3-(2<:Uoro-4-1ilfluoiomethyl-phenoxy)-piopoxy]-2-eth^^^ 
b^izofuran-2-carboxylic acid 



Example 9: 5-{3-[2-CMoro-4-(l,l-dimethyl-propyl)-phenoxy]-propoxy}-2-ethyl-23- 
dihydio-benzofuran-2-carboxylic acid 

Example 10: (25)-5-[3-(2-CMoro-4-trifluoromethoxy-phenoxy)-propoxy]-2-ethyl-^^ 
IS: dihydio-benzofuraii-2-carboxylic add 

Example 11: (25)-5-{3-[2-<Moro-4-(2,2-<limeAyl-propyl)-ph 
ethjd-23-dihydro-beiizoftiian-2-caito acid 

20 Example 12: (25)-5-{3-[2-<Moro-4'<2,2,2-trifluoro-€thoxy)-^^ 
eth^-23-<iihydro-benzofui:an-2K;ar^ add 

Bxanq)le 13: (25)-5-{3-[2-Chlom-4-(3,33-trifluoro-propyl)-pheiioxy]-piopoxy}-2- 
ethyl"2,3-KiihydK)-ben2»furan-2-<:aiboxylic add 



Example 14: (25)-5-{3-[2-Chloro-4-(2,2,2-trifluoro-e%l)-phenoxy]-^^^ 
ethyl-23-dihydro-benzofuran--2-carboxylic acid 

Example 15: 643-(2-CMoro-4-trifluorome1hoxy-phenoxy)-propoxy]-2-<i%l^^ 
30 dihydro-benzofuran-2-carboxyUc acid 



25 
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Example 16: (2S)- 5-[4-(2-Oiloro4-trifluoromethoxy-phenyl)-buto^^ 
dihydro-benzofuran-2-carboxylic acid. 

5 Example 17: (2/?)-5-{3-[2«CMoro-4-(2,2-dimethyl-propyl>phenoxy]-pro^^ 
isopropyl-2,3-dihydro-benzofuran-2-carboxylic acid. 

Example 18: (22e)-5-[3<2-Cliloro^"trifluoromeflioxy-phenoxy>propoxy]-2- 
isopropyl-2,3-dihydro-benzofiiraii-2-carboxylic acid. 

10 

Example 19: (2/f)-5-{3-[2-CMoro-4<2,2,2-trifluoio-ethyl>phenox 
isopn)pyl-23-dihydro-beiizofuran-2-carboxylic acid. 

Example 20: (2iJ)-5-[4-(2-CMQto-4-1rifluoionMithoxy-ph^ 
15 2,3'Klihydro-benzofiiran-2-caiboxylic acid. 

Exanq>le 21: (2R)- 2^fert-Butyl-5-{3-[2-cMoro-4-(2,2^.trifluoro^%^^ 
propoxy}-23-dihydio-benzofuran-2-^ari3oxyK^ acid. 

20 Example 22: 5-{3-[2-<:MoTO-4-(2,2,2-trifluoro-ethyl>phenoxy]-propoxy}-2- 
trifluoromethyl-23-(fihydro-benzoftu:an-2-carboxyUcac 

Example 23: (2J!?>5-[2-(2-CWoro-4-trifluoromethoxy-phenoxy)-^thoxy]-^^^ 
2,3-dihydro-beDzofuran-2-caiboxylic acid 

25 

Example 24: (22?)- 2-/erf-ButyI-5-[2-(2-^Moro-4-trifluoromethoxy-^^ 
23-dihydro-benzofuran-2--caiboxyIic acid. 

The invention further includes phannaceutical compositions 
30 comprising any of the compounds described above and a phannaceutically acceptable 
carrier. 
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The invention further includes pharmaceutical compositions 
comprising any of tiie compounds described herein, including pharmaceutically 
acceptable salts, and a pharmaceutically acceptable carrier. 
5 

Definitions 

"Alkyl", as well as other groups having the prefix "alk", such as aUcoxy 
or alkenyl, means carbon chains which may be Hnear or branched, including chains 
with multiple branch points, unless the carbon chain is defined otherwise. Examples 
10 of alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, sec- and tert-butvL 
pentyl, hexyl, heptyl, octyl, nonyl, and the like. Isopropyl and sec- and tert-butyl are 
branched 

"Alkenyl" means carbon chains which contain at least one carbon- 
carbon double bond, and which may be linear or branched. Examples of alkenyl 

15 include vinyl, allyl, isopropenyl, pentepyl, hexenyl, heptenyl, l-propenyl, 2-butenyl, 
2-methyl*-2p-butenyl, and tiie like. 

"Cycloalkyl" means a mono- or bicyclic saturated caibocyclic ring 
having from 3 to 10 carbon atoms, unless otherwise stated. The tenn also includes a 
monocyclic or bicycUc saturated caibocyclic ling which is fused to another cyclic 

20 group, such as an aryl group. Examples of cycloalkyl hiclude cyclopropyl, 
cyclopentyl, cyclohexyl, cyclohqrtyl, and the like. 

" Aryl" (and "arylene") when used to describe a substituent or group in 
a stmcture means a monocyclic or bicycUc or tricyclic group or substituent in which 
all of the rings are aromatic and which contains only carbon ring atoms. "Aryl" 

25 groups can be fused to other cyclic groups, such as a cycloalkyl or heterocycUc group. 
Examples of aryl substituents include phenyl and naphthyL Phenyl is the preferred 
aryl group. 

"Heterocycle" means a fully or partially saturated ring containing at 
least one heteroatom selected from N, S and O, where the ring has from 3 to 10 atoms, 
30 unless otherwise defined. 

"Heteroaryl" (and "heteioarylene") means an aromatic ring containing 
at least one ring heteroatom selected from N, O and S (including SO and SO2), where 

the ring contains 5-6 atoms. Examples of heteroaryl include pyrrolyl, isoxazolyl, 
isothiazolyl, pyrazolyl, pyridyl, oxazolyl, oxadiazolyl, thiadiazolyl, tfiiazolyl. 
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imidazolyl, tiiazolyl, tetrazolyl, furanyl, triazinyl, thienyl, pyrimidyl, pyridazinyl, and 
pyrazinyL Heteroaiyl and aromatic rings can be fused together to form bicyclic or 
tricyclic ring systems, as for example benzisoxazolyl, benzoxazolyl, benzothiazol34, 
benzimidazolyl, benzofuranyl, benzothiophenyl (including S-oxide and dioxide), 
5 quinolyl, indolyl, isoquinolyl, dibenzofuran and the like. 

"Halogen" includes fluorine, chlorine, bromine and iodine. Fluorine is 
generally the most preferred halogen substituent on an alkyl gcoxxp. 

'Me" and *^t" represent methyl and elhyl respectively. 

The term "administration of or "administering" a compound means 
10 providing a compound of this invention or a prodrug of a compound of this invention 
to a patient in need of treatment. 

To treat, as a disease or condition, means to deal with the disease or 
condition in a specified manner. 

Amelioration of a disease or condition means improving the disease or 
15 condition or making it better. 

**Metabolic Syndrome" is defined in flie Third Report of the National 
Cholesterol Education Rrogram Expert Panel on Detection, Evaluation and Treatment 
of Higji Blood Caiolesterol In Adults (ATP-ID). E.S. Ford et al., JAMA, vol. 287 (3), 
Jaa 16, 2002, pp 356-359. Briefly, a person is defined as having metabolic syndrome 
20 if the person has three or more of the the following symptoms: abdominal obesity, 
hypertrigjyceridemia, low HDL cholesterol, high blood pressure, and hi^ fasting 
plasma glucose. The criteria for these are defined in ATP-IH 

The "patient" to whom the compounds of this invention can be 
administered may be selected jfrom mammals, including primates, such as monkeys 
25 and apes; bovines, such as cows; equines, such as horses; canines, such as dogs; 

felines, such as cats; ovines, such as goats and sheep; and rodents, such as mice, rats, 
and guinea pigs. Patients may also include non-manmialian species, such as chickens 
and other birds. The preferred patient is a human. 

The term "composition," as in pharmaceutical composition, is 
30 intended to encompass a product comprising the active ingredient(s), and the inert 
ingredient(s) that make up the carrier, as well as any product which results, directly or 
indirectly, firom combination, complexation or aggregation of any two or more of the 
ingredients, or firom dissociation of one or more of the ingredients, or from other types 
of reactions or interactions of one or more of the ingredients. Accordingly, fte 
35 pharmaceutical compositions of the present invention encompass any composition 
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made by admixing a compound of the present invention and a phannaceutically 
acceptable carrio:. 

Optical Isomers - Diastereomers - Geometric Isomers - Tautomers 
5 Compomids of Formula I may contain one or more asymometric centers. 

The compounds can thus occur as racemic mixtures, single enantiomers, 
diastereomeric mixtures and individual diastereomers. The present invention is meant 
to comprehend all such isomeric forms of the compounds of Formula L 

Some of the compounds described herein contain olefinic double 
IG bonds, and unless specified otherwise, are meant to include both E and Z geometric 
isomers. 

Some of the compounds described herein may exist with different 
points of attachment of hydrogen coupled with double bond shifts, refiened to as 
tautomers. An exanq>le is a caibonyl (e.g. a ketone) and its enol fonn, often known as 

IS keto-enol tautomers. The individual tautomers as well as mixtures thereof are 
encompassed with compounds of Formula L 

If desired, racenodc mixtures of compounds of Formula I may be 
separated by means of classical resolution through fractional crystallization of salts 
formed with enantiomericaUy pure acids or bases. Other diasteromeric derivatives 

20 can be formed by the coupUng of a racemic mixture of the compounds of Formula I to 
an enantiomerically pure con^>ound. Such diastereomeric mixture may be separated 
by standard chromatographic methods or recrystallization protocols. These 
diasteromeric derivatives may then be converted to the pure enantiomers of the 
compounds of Formula I by cleavage of the added chiral residue. The racemic 

25 mixture of the compounds of Formula I can also be separated directly by 

chromatographic methods utilizing chiral stationary phases, of which many examples 
are known in the literature. 

Alternatively, any enantiomer of a compound of the general Formula I 
may be obtained by stereoselective synthesis using optically pure starting materials or 

30 reagents of known configuration. 

Compounds of Formula I that have more than one asymmetric center 
and that occur as diasteromeric mixtures can similarly be separated into individual 
diasteteonoers by standard methods, and these can be separated to individual 
enantiomers as described above. 

35 
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Salts 

The term "pharmaceutically acceptable salts" refers to salts prepared 
from pharmaceutically acceptable nontoxic bases or acids including inorganic or 
organic bases and inorganic or organic acids. For the carboxylic acid compounds of 
5 Formula I, salts derived from inorganic bases include aluminum, ammonium, calcium, 
copper, ferric, ferrous, lithium, magnesium, manganous, manganic, potassium, 
sodium, and zinc salts and the like. Particularly preferred are the ammonium, 
calcium, magnesium, potassium, and sodium salts. Salts in the solid form may exist 
in more than one crystal stmcture, and may also be in the form of hydrates. Salts 
10 derived from pharmaceutically acceptable organic non-toxic bases include salts of 
primary, secondary, and t^ary amines, substituted amines including naturally 
occurring substituted ainines, cyclic amines, and basic ion exchange resins, such as 
argininoi betaine, caffeine, choline, N,N'-dibenzylethylenediamine, diefhylamine, 2- 
diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N- 
15 ethyl-morpholine, N-efliylpiperidine, gjucamine, glucosamine, histidine, hydrabamine, 
isopropylamine, lysine, methylglucamine, morpholine, piperazine, piperidine, 
polyamine resins, procame, purines, theobromine, triethylamine, trimethjdamine, 
tripropylamine, tromethamine, and the like. 

For compounds that are basic, salts may be prepared from 
20 pharmaceuticaDy acceptable non-toxic acids, includmg morganic and organic acids. 
Such acids include acetic, benzenesulfonic, benzoic, camphorsulfonic, citric, 
ethanesulfonic, fumaric, gluconic, glutamic, hydrobromic, hydrochloric, isethionic, 
lactic, maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic, 
phosphoric, succmic, sulfuric, tartaric, p-toluenesulfonic acid, and the like. 
25 Particularly preferred are citric, hydrobromic, hydrochloric, maleic, phosphoric, 
sulfuric, and tartaric acids. 

It will be understood that, as used herein, references to the compounds 
of Formula I are meant to also include the pharmaceutically acceptable salts. 

30 Metabolites - Prodrugs 

Prodrugs are compounds that are converted to the claimed compounds 
as they are being admuustered to a patient or after they have been administered to a 
patient The prodrugs are compounds of this invention, and the active metabolites of 
the prodrags, where the metabolites have Formula I, are also compounds of ttie 

35 invention. A non-limiting example of a prodrug of the carboxylic acids of this 
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invention is an ester of the carboxylic acid, as for example a Ci to Ce ester, or an 
ester which has functionality that makes it more easily hydrolyzed after administration 
to a patient. 

Examples of prodrugs of this class of compounds may be described as 
5 compounds having Formula la, where G is a group that is easily removed under 




10 physiological conditions during or after administration to a mammalian patient to 
yield the free carboxylic acid or carboxylate salt thereof, where G has been converted 
to OH, or the carboxylate salt thereof. Hie other substituents in Formula la axe as 
previously defined for Formula L 

Examples of prodmgs of Formula la include conqyounds in which G is 

15 selected ftom the group consisting of -ORa .0CH20Ra, -OCH(CH3)ORa 

-0CH20C(0)Ra -0CH(CH3)0C(0)Ra -0CH20C(0)0Ra -OCH(CH3)0C(O)0Ra, 
and -NRbRb^ where each Ra is independently selected fix)m Ci-6 alkyl which is 
optionally substituted with one or two groups selected &om •'CO2H, -CONH2 , - 
NH2, -OH, -OAc, -NHAc, and phenyl; and wherem each Rb is independently 

20 selected from H and Ra. 

Utilities 

Compounds of the present invention are potent agonists of the 
p^xisome proliferator activated receptor subtypes, particularly PPARo, with litde or 

25 no activity with respect to PPARy or PPAR5. Compounds of the present invention 
are thus selective and potent agonists of tiie subtype PPARo. Compounds of the 
present invention are useful in treating, controlling or ameliorating diseases, disorders 
and conditions, where the treatment, control or amelioration is effected by the 
activation of the PPARa subtype. 

30 An important aspect of this invention is tiiat it provides a method for 

tiie treatment, control, or amelioration of various lipid disorders, including 
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dyslipidemia, hypercholesterolemia, hyperlipidemia, hypertriglyceridemia, low HDL 
levels, high LDL levels, and atherosclerosis and its sequelae, which comprises 
administering to a mammal in need of such treatment a therapeutically effective 
amount of a compound having formula L 
S The compounds as defined herein may be used in treating or 

controlling or ameliorating one or more of the following diseases or conditions in a 
manmialian or human patient in need of treatment, where the treatment comprises tfie 
administration of a therapeutically effective amount of a conq)ound of Fbrmula I to 
the patient in need of treatment: 



10 


(1) 


lipid disorders; 




(2) 


hyperlipidemia; 




(3) 


low HDL-cholesterol; 




(4) 


hi^ LDL-cholesteroI; 




(5) 


hypercholestBToIeniia; 


15 


(6) 


hypertdglyceridemia; 




(7) 


dyslipidemia, including hi^ LDL cholesterol and low HDL 
cholesteiol; and 




(8) 


atherosclerosis, including sequelae of atherosclerosis (angina, 
claudication, heart attack, stroke, etc.). 



20 More generally, compounds having Formula. I may be used to treat or 

control or ameliorate one or more of the following diseases, disorders and conditions, 
by the administration of a therapeutically effective amount of a compound of Formula 
I: (1) lipid disorders, (2) dyslipidemia, (3) hyperlipidenaia, (4) hypertriglyceridemia, 
(5) hypercholesterolemia, (6) low HDL levels, (7) high IDL levels, (8) 

25 atherosclerosis and its sequelae, (9) obesity, including abdominal obesity (10) 
vascular restenosis, (1 1) retinopathy, (12) non-insulin dependent diabetes mellitus 
(NTODM), (13) hyperglycemia, (14) unpaired glucose tolerance, (15) insulin 
resistance, (16) irritable bowel syndrome, (17) inflammatory bowel disease, 
including Crohn's disease and ulcerative colitis, (18) pancreatitis, (19) other 

30 inflammatory conditions, (20) neurodegenerative disease, (21) Alzheimer's disease, 
(22) psoriasis, (23) acne vulgaris, (24) other skin diseases and dermatological 
conditions modulated by PPAR, (25) high blood pressure, (26) cachexia, and (27) 
the metabolic syndrome, sometimes known as Syndrome X. 

The compounds may also be useful in the treatment of (1) neoplastic 

35 conditions, (2) adipose cell tumors, (3) adipose ceU carcinomas, such as 
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liposarcoma, (4) prostate cancer and other cancers, including gastric, breast, bladder 
and colon cancers, and (5) angiogenesis. 

Other conditions which may be treated with the compounds of this 
invention include ovarian hyperandrogenism (polycystic ovarian syndrome), cachexia, 

5 and other disorders whrae insulin resistance is a component. 

The present invention is further directed to a method for liie 
manufacture of a medicament that is useful for the treatment of a disease or condition 
that is treated by the administration of a PPARa agonist, wherein the method 
comprises combining an effective amount of the compound of Formula I with a 

10 phatmaceutically acceptable carrier or diluanit. 

Another aspect of the invention provides a method of treating cachexia, 
PPARa is known to be necessary for an appropriate energy sparing response to 
starvation, and injqppropriate metabolism and energy utilization is clearly responsible 
for the wasting of cachexia. The confounds of this invention may therefore be useful 

IS in the treatment of cachexia. 

In another aspect, the invention provides a method of treating 
inflammatory conditions, including inflammatory bowel disease, Crohn's disease, and 
ulcerative colitis, by administration of an effective amount of a PPARa agonist of 
Formula L Additional inflammatory diseases that may be treated with the instant 

20 invention include gout, rheumatoid arthritis, osteoarthritis, multiple sclerosis, asthma, 
ARDS, psoriasis, vasculitis, ischemia/reperfusion injury, and related diseases. 

Another aspect of the invention provides a method of treating a variety 
of skin diseases and dermatological conditions that are modulated by PPARa agonists 
by administering an efiective amount of a compound of Fbrmula I to a mammalian or 

25 human patient m need of such treatment. These diseases and conditions include 
psoriasis and acne vulgaris. Examples of other skin diseases and dermatological 
disorders tiiat may be treated include eczenoia; lupus associated skin lesions; 
dermatitides such as seborriieic domatitis and solar dermatitis; teratoses such as 
seborrheic keratosis, senile keratosis, actinic keratosis, photo-induced keratosis, and 

30 keratosis follicularis; keloids and prophylaxis agamst keloid formation, warts 
mcluding verruca, condyloma, or condyloma accuminatum, and human papilloma 
viral (HPV) mfections such as venereal warts, viral warts, moUuscum contagiosum, 
leukoplakia, lichen planus, keratitis, skin cancer such as basal cell carcinoma, 
cutaneous T cell lymphoma and localized benign epidermal tumors (keratoderma, 

35 epidermal naevi). 
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Administratinn and Dose Ranges 

Any suitable route of administration may be employed for providing a 
mammal, especially a human, with an effective dose of a compound of the present 
5 invention. For example, oral, rectal, topical, parenteral, ocular, puhnonary, nasal, and 
the like may be employed. Dosage forms include tablets, troches, dispersions, 
suspensions, solutions, capsules, creams, ointments, aerosols, and the like. Preferably 
compounds of Formula I are administered orally. 

The efiEective dosage of active ingredient employed may vaiy 
10 depending on the particular compound employed, the mode of administration, the 
condition being treated and the severity of the condition being treated. Such dosage 
may be ascertained readily by a person skilled in the art. 

When treating hypertriglyceridemia, hypercholesterolemia, 
dyslipidemia, hypedipidemia, and other diseases for which con[q)ounds of Formula I 
IS are indicated^ generally satisfactory results are obtained v/hm the compounds of the 
present invention are adnoinistered at a daily dosagq of from about 0. 1 milligram to 
about 100 milligram per kilogram of anirnal body weight, preferably given as a single 
' daily dose or in divided doses two to six times a day, or in sustained release form. For 
■ most large mammals, the total daily dosage is from about 1;0 miUigrams to about 
20 1000 milligrams, preferably from about 1 milligrams to about 50 milligrams. In the 
case of a 70 kg adult human, the total daily dose will generally be from about 1 
milligram to about 350 milhgrams. This dosage regimen wiU vary depending on the 
specific compound and also the patient. The dosage may be adjusted within the 
ranges recited above or even outside those ranges in order to provide the optimal 
25 therapeutic response. 

Pharmaceutical Compositions 

Anofter aspect of the present invention provides pharmaceutical 
compositions which comprise a compound of Formula I and a phannaceutically 

30 acceptable carrier. The pharmaceutical compositions of the present invention 

comprise a compound of Formula I or a phannaceutically acceptable salt or prodrug 
thereof as an active ingredient, as well as a pharmaceutically acceptable carrier and 
optionally other therapeutic ingredients. More typically, a selected compound of 
Formula I, or a pharmaceutically acceptable salt thereof, will be the only active 

35 ingredient in a composition. The term "phannaceutically acceptable salts" refers to 
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salts prepared jGrom pharmaceutically acceptable non-toxic bases or acids including 
inorganic bases or acids and organic bases or acids. 

The compositions include compositions suitable for oral, rectal, 
topical, parenteral Gncluding subcutaneous, intramuscular, and intravraous), ocular 
5 (ophthalmic), pulmonary (nasal or buccal inhalation), or nasal administration, 
althou^ the most suitable route in any given case will depend on the nature and 
severity of the conditions being treated and on the nature of the active ingredient. 
They may be conveniendy presented in unit dosage form and prepared by any of the 
methods well-known in the art of pharmacy. 

10 In practical use, the compounds of Fonnula I can be combined as the 

active ingredient in intimate admixture with a pharmaceutical carrier according to 
conventional pharmaceutical compounding techniques. The carrier may take a wide 
variety of forms depending on the form of preparation desired for administration, e.g., 
oral or parenteral (including intravenous). Iti preparing the compositions for oral 

15 dosage form, any of the usual pharmaceutical media may be employed, such as, for 
example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring agents 
and the like in the case of oral liquid preparations, such as, for example, suspensions, 
elixirs and solutions; or earners such as starches, sugars, microcrystalline cellulose, 
diluents, granulating agents, lubricants, binders, disintegrating agents and the like in 

20 the case of oral solid preparations such as, for example, powders, hard and soft 

capsules and tablets, with the solid oral preparations being preferred over the liquid 
preparations. 

Because of their ease of administration, tablets and capsules represent 
the most advantageous oral dosage unit form in which case solid pharmaceutical 

25 carriers are obviously en^loyed If desired, tablets may be coated by standard 
aqueous or nonaqueoxis techniques. Such compositions and preparations should 
contain at least 0.1 percent of active compound The percentage of active compound 
in these compositions may, of course, be varied and may convenientiy be between 
about 2 percent to about 60 percent of the weight of the unit. The amount of active 

30 compound in such therapeutically useful compositions is such that an effective dosage 
will be obtained. The active compounds can also be administered intranasally as, for 
example, liquid drops or spray. 

The tablets, pills, capsules, and the like may also contain a binder such 
as gum tragacantii, acacia, com starch or gelatin; excipients such as dicalcium 

35 phosphate; a disintegrating agent such as com starch, potato starch, alginic acid; a 

-20- 




wo 2004/010936 PCT/US2003/023430 



lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose 
or saccharin. When a dosage unit fonn is a capsule, it may contain, in addition to 
materials of the above type, a liquid earner such as a fatty oil. 

Various other materials may be preset as coatings or to modify the 
S physical form of the dosage unit For instance, tablets may be coated widi shellac, 
sugar or both. A syrup or elixir may contain, in addition to the active ingredient, 
sucrose as a sweetening agent, me&yl and propylparabens as preservatives, a dye and 
a flavoring such as cherry or orange flavor. 

Compounds of formula I may also be administered parenterally. 

10 Solutions or suspensions of these active compounds can be prepared in water suitably 
mixed with a surfactant such as hydroxy-propylcellulose. Dispersions can also be 
prepared in glycerol, liquid polyethylene glycols and mixtures thereof in oils. Under 
ordinary conditions of storage and use, these preparations contain a preservative to 
prevent the growth of microorganisms. 

15 The pharmaceutical forms suitable for injectable use include sterile 

aqueous solutions or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersions. In all cases, the form must 
be sterile and must be fluid to the extent ttiat easy syringabihty exists. It must be 
stable under the conditions of mianufacture and stomge and must be preserved against 

20 . the contaminating action of microorganisms such as bacteria and fungi. The carrier 
can be a solvent or dispersion medium containing, for exanoqple, water, ettianol, polyol 
(e.g. glycerol, propylene glycol and liquid polyetiiylene glycol), suitable mixtures 
thereof, and vegetable oils. 

25 Combination Therapv 

Hie compounds of this invention may be used in combination with 
other dmgs that noay also have utUity in the treatment of the diseases or conditions for 
which compounds of Formula I are useful. Such other drugs may be administered, by 
a route and in an amount commonly used therefor, contemporaneously or sequentially 

30 with a compound of Formula I. When a compound of Formula I is used 

contemporaneously with one or more other drugs, a pharmaceutical composition in 
unit dosage form containing such other drugs and the compound of Formula I is 
preferred. However, the combination tiierapy also includes therapies in which the 
compound of Formula I and one or more other drugs are administered on different 

35 overlapping schedules. It is also contemplated that when used in combination with 
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one or more other active ingredients, the compound of the present invention and the 
other active ingredients may be used in lower doses than when each is used singly. 
Accordingly, the pharmaceutical compositions of the present invention include those 
that contain one or more other active ingredients, in addition to a compound of 



combination with one or more other lipid lowering dmgs, including (1) a cholesterol 
biosynthesis inhibitor, including but not limited to, an HMG-CoA reductase inhibitor, 
such as lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin, rivastatin, 

10 itavastatin, rosuvastatin, and ZD-4522; (2) a cholesterol absorption inhibitor (for 
example a stanol ester, a sterol glycoside such as tiqueside, or an azetidinone such as 
ezetimibe); (3) an ACAT inhibitor (such as avasimibe), (4) niacin; (5) a bile acid 
sequestrant; (6) a microsomal triglyceride transport inhibitor; (7) a bile acid reuptake 
inhibitor; and (8) a PPARoc/y agonist, such as KRP-297. These combination 

IS treatments are expected to be particulaily effective for the treatment or control of one 
or more lipid disorders or conditions selected firom dyslipidemia, 
hypercholesterolemia, hyperlipidemia, hypertriglyceridemia, low HDL levels, high 
IDL levels, and atherosclerosis and its sequelae. Hie conotbination therapy may make 
it possible to achieve therapeutic control using a reduced amount of one or both active 

20 ingredients and/or to achieve better lipid control than would be expected based on the 
contcol that is achieved when either of the compounds is used alone. The 
combination therapy may make it possible to achieve therapeutic control of one or 
more lipid disorders and diabetes. Preferred combinations include a compound of 
Claim I and one or more other compounds selected from a cholesterol absorption 

25 inhibitor, such as ezetimibe, a statin (e.g. simvastatin, atorvastatin, or rosuvastatin), an 
ACAT inhibitor, or another PPARa agonist, such as fenofibmte or another fibrate. 
Highly preferred combinations include combinations consisting essentially of a 
compound of this invention with a cholesterol absorption inhibitor (ezetimibe), or a 
compound of this invention with a statin (eg simvastatin), or a compound of this 

30 invention with both a statin and a cholesterol asorption inhibitor. 



5 



Formula L 



For example, tiie compounds of Formula I may be administered in 
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More generally, examples of therapeutic classes of compounds that 
may be administered in combination with a compound of Formula I, either separately 
or in the same pharmaceutical composition, include, but are not limited to: 

(a) insulin sensitizers; 
5 (b) antidiabetic compounds; 

(c) cholesterol lowering agents; 

(d) antiobesity compounds; 

(e) anti-inflammatory compounds; and 

(f) antihypertensives. 

10 Examples of classes of compounds that may be administered in 

combination with coiiq)ounds having Formula I include: 

(a) FPARy agonists and partial agonists, such as the glitazones (e.g. 
tcoglitazone, pioglitazone, englitazone, MCXI!-5S5, rosig^tazone, 
and die like); 

15 (b) PPARo/y dual agonists, such as KRP-297; 

(c) other PPARa agonists, such as fenofihric acid derivatives, 
including gemfibrizol, clofibrate, fenofibrate, and bezafibrate, 

(d) PPAR8 agonists such as those disclosed in W097/28149; 

(e) biguanides, such as metformin and phenformin; 

20 (f) protein tyrosine phosphatase-lB (PTP-IB) inhibitors; 

(g) dipeptidyl peptidase IV (DP-IV) inhibitors; 

(h) insulin or insuUn naimetics; 

(i) sulfonylureas, such as tolbutamide and glipizide, or related 
materials; 

25 (j) ct-glucosidase inhibitors (such as acarbose); 

(k) glucagcm receptor antagonists; 
(1) glycogen phosphorylase inhibitors; 
(m) 1 1-Beta-HSD type 1 enzyme inhibitors; 
(n) U-Beta-HSD type 1 receptor antagonists; 
30 (o) exendin-4, exendin-3, GLP-1, GLP-1 mimetics, and GLP-1 

receptor agonists, such as those disclosed in WOOO/42026 and 
WOOO/59887; 

(p) GIP, GIP mimetics such as those disclosed in WOOO/58360, and 
GIP receptor agonists; 
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(q) PACAP, PACAP mimetics, and PACAP receptor 3 agonists such 

as those disclosed in WO 01/23420; 
(r) HMG-CoA reductase inhibitors (lovastatin, simvastatin, 

pravastatin, fluvastatin, atorvastatin, rivastatin, itavastatin, 

rosuvastatin, ZD-4522, and other statins); 
(s) Bile add sequestrants (cholestyramine, colestipol, and 

dialkylaminoalkyl derivatives of a cross-linked dextran); 
(t) nicotinyl alcohol, nicotinic acid or a salt thereof; 
(u) ezetimibe and other inhibitors of cholesterol absorption; 
(v) acyl CoA:cholesterol acyltransf^ase inhibitors (ACAT inhibitors); 

such as for example avasimibe; 
(w) phenolic anti-oxidants, such as probucol; 
(x) ileal bile add transporter inhibitors; 

(y) agents intended for use in the treatment of inflammatory conditions 
such as aspirin, non-steroidal anti-inflammatory drugs, 
glucocorticoids, azulfidine, and cyclooxygenase 2 selective 
inhibitors; 

(z) antiobesity compounds such as fenfliuramine, dexfenfluramine, 
phentermine, sibutramine, orlistat, neuropeptide Y5 inhibitors, and 
P3 adrenergic receptor agonists; 

(aa) thyroid hormone mimetics; 

(bb) LXR agoidsts; 

(cc) EXR agonists; 

(dd) ELTP inhibitors; 

(ee) CaSTP inhibitors; 

(ff) glucocorticoids; and 

(gg) TNF sequestrants. 
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The above combinations will generally include combinations of one 
compound of the present invention with one otixer active compound. However, it is 
contemplated tihat combinations may also include more than two active ingredients, 
selected from one or more compounds of tiie present invention and one or more otiier 
5 active conipounds listed above. Non-limiting examples include combinations of one 
or more compounds having Foraiula I with two or more active compounds selected 
from insulin sensitizers; antidiabetic compounds; cholesterol lowering agents; 
antiobesity confounds; anti-inflammatory compounds; and antihypertensives. 

Examples of combinations that may be appropriate for patients having 
10 Type 2 diabetes accompanied by dyslipidemia include one or more compounds having 
Formula I and one or more compounds selected from anti-diabetic compounds, 
including biguanides, sulfonylureas, other PPARy agonists, FIP-IB inhibitors, DP-IV 
inhibitors, insulin, and anti-obesity compounds. 

15 BIOLOGICAL ASSAYS 
A) PPAR Binding Assays 

For preparation of recombinant human PPARy, PPAR5, and 
PPARa: Human PPARya, human PPAR5 and human PPARa were expressed as gst- 
fusion proteins in E. coli. The full length human cDNA for PPARy2 was subcloned 

20 into the pGEX-2T expression vector (Pharmacia). The full length human cDNAs for 
PPAR5 and PPARa were subcloned into the pGEX-KT expression vector 
(Pharmacia). E. coli containing the respective plasmids were propagated, induced, and 
harvested by centrifugation. The resuspended pellet was broten in a ftrach press and 
debris was removed by centrifugation at 12,000 X g. Recombinant human PPAR 

25 receptors were purified by aJBBnity chromatogr^hy on glutathione sepharose. After 
application to the column, and one wash, receptor was eluted with glutathione. 
Glycerol (10%) was added to stabilize the receptor and aliquots were stored at -80°C. 

For binding to PPARy, an aliquot of receptor was incubated in TEGM 
(10 mM Tris, pH 7.2, 1 mM EDTA, 10% glycerol, 7 /iL/100 mL 6-mercaptoethanol, 

30 10 mM Na molybdate, 1 mM dithiothreitol, 5 /ig/mL aprotinin, 2 jitg/mL leiq>eptm. 2 
/ig/mL benzamidine and 0,5 mM PMSF) containing 0.1% non-fat dry milk and 10 nM 
[3H2] AD5075, (21 Ci/mmole), ± test compound as described in Berger et al (Novel 
peroxisome proliferator-activated receptor (PPARy) and PPAR5 ligands produce 
distinct biological effects. J.Biol.Chem. (1999), 274: 6718-6725.) Assays were 
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incubated for --16 hr at 4*^0 in a final volume of 150 /xL. Unbound ligand was 
removed by incubation with 100 /xL dextran/gelatin-coated charcoal, on ice, for -10 
min. After centrifugation at 3000 rpm for 10 min at 4°C, 50 liL of the supernatant 
fraction was counted in a Topcount. 
5 For binding to PPAR5, an aliquot of receptor was incubated in TEGM 

(10 mMTris, pH7.2, 1 mMEDTA, 10% glycerol, 7 /iL/100 mLB-meicaptoethanol, 
10 mM Na molybdate, 1 mM difhiothreitol, 5 ptg/mL aprotinin, 2 ptg/mL leupeptin, 2 
lig/mL benzamide and 0.5 mM PMSF) containing 0.1% non-fat dry milk and 2.5 nM 
[3H2]L-783483, (17 Ci/nraiole), ± test compound as described in Brager et al (Novel 

10 peroxisome proliferator-activated receptory (PPARy) and PPAR5 ligands produce 
distinct biological efiGBCts.1999 J Biol Chem 274: 6718-6725). (L-783483 is S-chloro- 
4-(3-(7-propyl-3-trifluoronMith^-6-benz-[4,5]4soxazolbxy)prop^^ 
acid, Ex. 20 in WO 97/28137). Assays were incubated for -16 hr at 4'C in a final 
volume of 150 iiL. Unbound ligand was removed by incubation with 100 fiL 

15 dextran/gelatin-coated charcoal, on ice, for -10 min. After centrifiigation at 3000 rpm 
for 10 min at 4'*C, 50 jxL of the supernatant fraction was counted in a Topcount 

For binding to PPARo, an aliquot of receptor was incubated in TEGM 
(10 mM Tris, pH 7,2, 1 mM EDTA, 10% glycerol, 7 f^IVlOO mL 6-mercaptoethanol, 
10 mM Na molybdate, 1 mM dithiothreitol, 5 /ig/mL aprotinin, 2 /xg/mL leupeptin, 2 

20 fLg/mL benzamide and 0.5 mM PMSF) containing 0.1% non-fat dry nulk and 5.0 nM 
[3H2l(3-(4-(3-phenyl-7-propyl-6-benz-[4,5]-isoxazoloxy)butyloxy))phenylaceticacid 

(34 Ci/mmole), ± test compound. This is a tritium labelled variant of Ex.62 in WO 
97/28 137. Assays were incubated for -16 hr at 4"C in a final volume of 150 jiaL. 
Unbound ligand was removed by incubation with 100 fiL dextran/^latin-coated 
25 charcoal, on ice, for '^lO min. After centrifiigation at 3000 rpm for 10 min at 4''C, 
50 /xL of the supernatant fraction was counted in a Topcount 

B). Gal-4hPPARTransacttvation Assays 

The chimeric receptor expression constructs, pcDNA3-hPPARY/GAL4, 
30 pcDNA3-hPPAR8/GAL4. pcDNA3-hPPARa/GAL4 were prepared by inserting the 
yeast GAL4 transcription factor DBD adjacent to the ligand bindmg domains (LBDs) 
of hPPARy, hPPARS, hPPARa, respectively. The reporter constnict, pUAS(5X)-tk- 
luc was generated by inserting 5 copies of tibe GAL4 response element upstream of the 
herpes virus minimal thymidine kinase promoter and the luciferase reporter gene. 



-26- 



wo 2004/010936 



PCT/US2003/023430 



pCMV-lacZ contains the galactosidase Z gene under the regulation of the 
cytomegalovirus promoter. COS-1 ceDs were seeded at 12 X 10^ cells/well in 96 well 
cell cultuie plates in high glucose Dulbecco's modified Eagle medium (DMEM) 
containing 10% charcoal stripped fetal calf serum (Gemini Bio-Products, Calabasas, 
5 CA), nonessential amino acids, 100 units/ml Penicillin G and 100 mg/ml 

Streptomycin sulfate at 37 "C in a humidified atmosphere of 10% CO2. After 24 h, 

transfections were performed with lipofectamine (GIB CO BRL, Gaithersburg, MD) 
according to the instructions of the manufacturer. Briefly, transfection mixes for each 
well contained 0.48 \il of Lipofectamine, 0.00075 ^.g of pcDNA3-PPAR/GAL4 
10 expression vector, 0.045 \xg of pUAS(5X)-tk-luc reporter vector and 0.0002 |utg of 
pCMV-lacZ as an internal control for transactivation efficiency. Cells were incubated 
in the transfection mixture for 5 h at 37^ C in an atmosphere of 10% CO2. The cells 

were then incubated for --48 h in fiesh high glucose DMEM containing 5% charcoal 
stripped fetal calf ssrum, nonessential amino acids, 100 units^ Penicillin G and 100 

15 m^ml Streptomycin sulfate ± increasing concentrations of test compound. Since the 
compounds woce solubilized in DMSO, control ceUs were incubated with equivalent 
concentrations of DMSO; final DMSO concratrations wece < 0.1%, a concentration 
which was shown not to effect transactivation activity. Cell lysates were produced 
using Reporter Lysis Buffer CPix>mega; ftfedison, WI) according to the manufacturer's 

20 instructions. Luciferase activity in ceU extracts was detennmed using lAidferase 
Assay Buffer (Promega, Madison, WI) in an ML3000 luminometer (Dynatech 
Laboratories, ChantiUy, VA). p-galactosidase activity was determined using P-D- 
galactopyranoside (Calbiochem, San Diego, CA). 

25 C In Vivo Studies 



Harbor, ME) were housed 5/cage and allowed ad lib. access to ground Purina rodent 
chow and water. The animals, and tiieir food, were weighed every 2 days and were 
dosed daily by gavage with vehicle (0.5% carboxymethylcellulose) ± test compound 
30 at tiie indicated dose. Drug suspensions were prepared daily. Plasma glucose, and 
triglyceride concentrations were determined from blood obtained by tail bleeds at 3-5 
day intervals during the study period. Glucose, and triglyceride, determinations were 
performed on a Boehringer Mannheim Hitachi 911 automatic analyzer (Boehringer 
Mannheim, Indianapolis, IN) using heparinized plasma diluted 1:6 (v/v) with normal 



Male db/db mice (10-11 week old C57B1/KFJ, Jackson Labs, Bar 
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saline. Lean animals were age-matched heterozygous mice maintained in the same 
maimer. 

Male Golden Syrian hamsters weighing - 150 g are used to measure 
lipid modulation effects of test con^)ounds. Hamsters are housed in boxes (S per 
5 box), are fed a normal rodent chow diet, and are given &ee access to water. 

Compounds are suspended in 0.5% metfaylcellulose and gavaged daily to the hamsters 
for 9 days (10 hamsters per group). On the morning of the 10* day, the hamsters are 
euthanized with carbon dioxide, and blood samples are obtained via heart puncture. 
Serum levels of total cholesterol and triglycerides determined. 

10 Mature male beagle dogs, weighing -15 kg on average, are used to 

measure the lipid modulation effects of test compounds. Dogs are housed 
individually, are fed a cholesterol-free chow diet, and are given j&ee access to water. 
Prior to the start of experiments, samples are taken weekly from the jugular vein and 
the serum cholesterol levels are determined. To test the effects of compounds on 

15 serum cholesterol, compounds are suspended in 0.5% methylceliulose and gavaged 
daily to the dogs for 2 weeks (5 dogs per group). Blood samples are taksn during and 
after the dosing period, and ^erum levels of total cholesterol and triglycerides are 
determined. 
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TAWR OF COMPOUNDS 
The table below illustrates compounds that were synthesized in 
accordance with the present invention. Detailed syntheses are provided in the 
Examples. 

Exairqple 1 



10 




Example 2 




Examples 



HO 




a 



15 



Exaoa^le4 
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Example 5 




15 

Example 10 
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5 




CI 

Exanq>le 13 



10 




Example IS 
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Example 16 
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Example 22 




CI 




15 SYNTHEnC METHODS 

The process for making the compounds of the instant invention is 
generally depicted in Scheme 1 below. 

Note that the numbering of substituent groups used in the structures in 
Scheme I is different from the numbering in the generic description of the invention. 

20 



25 
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Scheme 1 
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The appropriately substituted 2,3-dihydrobenzofuran-2-carboxylate of 



formula IH may be synthesized by cyclization of the precursor I in the presence of a 
strong base (e.g. NaH) or by partial hydrogenation of benzofuran n followed by 
alkylation at the 2-position under standard ester enolate alkylation conditions. 
5 After compound of formula IV or VI is suitably connected with a tether, the assembly 
of the final compound may be performed by the coupling of compounds having 
formulae V and VI, or by the coupling of compounds having formulae VH and IV, 
where coupling is carried out in the presence of an inorganic base (e.g. cesium 
carbonate) in DMF or under paUadtumK^atalyzed con(]itions(e.g. the Suzuki coupling 

10 conditions). L and L' are leaving groups well-known in the art, and preferably are 
independently selected from halogen, preferably iodine, bromine, or sulfonate such as 
methanesulf onate, or a boron group. Compounds having formulae I, IE and VI may be 
commercially available, or prepared by published organic synthetic methods. The 
desired 2,3-dihydrobenzofuran-2-<:arboxylic acid VBtt may be synthesized by ester 

15 hydrolysis of the confound having formula VIII under aqueous basic (e.g. aq, KOH) 
conditions. 



The following Examples are provided to illustrate the invention, 

20 including methods of making the compounds of the invention, and are not to be 

construed as limiting the invention in any maimer. The scope of tfie invention is 
defined only in the appended claims. 

EXAMPLE 1 

5-{3-[2"CUoro-4<2,2,2-trifluon>-ethoxy)-phenoxy]-propoxy}-2-mefliyl-2,3-<^ 
25 benzofuran-2-<:arbox34ic acid 



EXAMPLES 



r 



CFa 
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Step 1. 5-Hydroxy-2-methyl-23-dihydro-benzofuran-2-carboxylic acid methyl ester 

1)H2,Pd-C 

0^.^^ 2)LiHMDS, CH3-I V o.-.^ 

5 5-Methoxy-beiizofuran-2-caiboxylic add metiiyl ester (2.2 g, 10 mmol) and 10% Pd- 
C (0.44 g) in ethanol (50 mL) were agitated under hydrogen (45 psi) for 72 hrs. The 
reaction mixture was filtered and the filtrate was concentrated. The residue was 
chiomatographed on silica gel eluting with 8:2 hexane:ethyl acetate to give 1.3 g 5- 
methoxy-2,3--dihydro-benzofuran-2-caiboxylic acid methyl ester 

10 

To a solution of 5-methoxy-2,3-dihydro-beaizofuran-2-caAoxylic add methyl ester 
(0.44 g, 2.0 mmol) and HMPA (0.20 mL) in THF (15 mL) at -78 °C was added 
LiHMDS (IM in THF, 3.0 mL, 3.0 mmol). After 15 min, methyl iodide (0.42 g. 3.0 
mmol) was added and the reaction was gradually wanned to 25 *'C ovraiight The 
15 reaction mixture was diluted with ethyl acetate and washed with a saturated aqueous 
solution of NH4CL The organic phase was dried and concentrated The residue was 
chromatographed on silica gel eluting with 8:2 hexane:ethyl acetate to give 0.32 g 5- 
inethoxy-2-methyl-23-dihydro-benzofuran-2-carboxylic add methyl ester. 

20 5-methoxy-2-methyl-23Kiihydro~benzofuran-2-carboxylic acid methyl ester 

(0.32 g, 1.4 mmol) was dissolved in dichloromethane (10 mL) and cooled to 0 °C. A 
solution of boron tribromide in dichloromethane (1.0 M, 3.5 mL, 3.5 mmol) was 
added. After 1 br at 0 °C, tiie reaction was diluted with dichloromethane and washed 
with brine. The organic phase was dried and concentrated The residue was dissolved 

25 in 7: 1 benzene:metiianol (10 mL) and treated witii TMSCHN2 (1.0 M in hexane) until 
gas evolution ceased Removal of the solvent gave a residue which was 
chromatographed on silica gel eluting with 7:3 hexane:ethyl acetate to give the title 
compound. 
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NMR {500MHz, CDCI3) 5 6.72 (d, J=8.5 Hz, IH), 6.67 (d, J=3.0 Hz, IH), 6.61 
(dd, J=8.5, 3.0, IH), 3.80 (s, 3H), 3.53 (d, J=16.0 Hz, IH), 3.10 (d, J=16.0 Hz, IH), 
1.61 (s, 3H). 

5 

Step 2. 2-Chloro-4-(2,2,2-trifluoro-ethoxy)phenol 

The title compound was prepared according to the following general procedure using 
4-(trifluoroethoxy)phenol as the para-substituted phenol. 

General procedure for the preparation of or^/zo-chlodnated phenols. To a solution of 
10 /7ara-substituted phenol (5.0 mmol) and diisobutylamine (0.064 g, 0.5 nunol) in 

toluene (30 mL) was added SChPh (0.40 mL, 5.0 mmol) dropwise. After being stirred 
at 25 °C for 2 hr, the reaction was diluted with ethyl acetate, washed with brine and 
dried. Removal of solvent gave essentially pure pora-substituted 2-chlorophenoL 

15 ^H NMR (500MHz, CDCl^ 5 6.99 (d, J= 2.5 Hz, IH), 6.97 (d, J=8.5 Hz, IH), 6.84 
(dd, J=8.5, 2.5Hz, IH), 5.33 (br. s, IH), 4.30 (q, 1=9.0 Hz, 2H). 

Step 3. 2-adoro-l-(3-iodo-propoxy)-4-(2,2,2-trifluoro-ethoxy)-benzene 



disubstituted benzene from 2,4-disubstituted phenols. A mixture of 2,4-disubstituted 
25 phenol (10 mmol), 3-bromopropanol (4.2 g, 30 mmol) and CS2CO3 (6.5 g, 20 mmol) 
in DMF (100 mL) was stirred at 60 for 5 hrs. The reaction mixture was diluted 
with ethyl acetate (100 mL), washed with water (2 x 200 mL) and concentrated. The 




.OCH2CF3 1)CS2C03,DMF ^^^>>s^CHzCFz 





The title compound was prepared according to the following general 
procedure enqiloying 2-chlon>-4-(2,2,2-tri£luoroethoxy)phenol as the 2,4-disubstituted 
phenol. 

General procedure for the preparation of l-(3-iodo-propoxvV2.4- 
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residue was purified by chromatography on silica gel eluting with 1 : 1 hexane:ethyl 
acetate to give 3-(2,4-disubstitutedphenoxy)-l-propanoL This product (8 mmol) was 
then dissolved in dichloiomelhane (50 mL) followed by addition of 
ttiphenylphosphine (2.5 g, 9.6 mmol), imidazole (l.I g, 16 mmol) and iodine (2.4 g, 
5 0.96 mmol). The reaction mixture was stirred at 25 "C for 30-60 min and then 
concentrated. The residue was triturated with 1:1 hexaneidiefliji ether and ffltered 
throu^ silica gel to give essentially pure l-(3-iodo-propoxy)-2,4-disubstituted- 
benzene 

10 *H NMR (500MHz. CDCl^) 8 7.04 (d, J= 2.5 Hz, IH), 6.94 (d, J=8.5 Hz, IH). 6.84 
(dd, J=8.5, 2.5 Hz, IH), 4.33 (q. J=9.0 Hz, 2H), 4.08 (t, J=6.0 Hz, 2H), 3.42 (t, 6.5Hz, 
2H),2.3(m,2H). 

Step 4. 5-{3-[2-Chloro-4K2A2-tiifluoro-elhoxy)-phenoxy]-propoxy}-2-inethyl-2,3- 

15 dihydro-benzofuran-2-carboxylicacid.' 

The title compound was prepared according the following general 

procedure using the phenol prepared in Step 1 and the iodide prepared m Step 3. 

General procedure for Ifae coupling of phenol with iodide and the 
20 subsequent hydrQlvsis of the coupling product A mixtore of phenol (0.20 mmol), 

iodide (0.22 mmol) and CS2CO3 (0.13 g, 0.40 mmol ) in DMF (2.0 mL) was stirred at 
25 °C for 6 h. The reaction mixture was diluted with ethyl acetate, washed with water 
and concentrated. The residue was purified by preparative TLC or flas 
chromatography on silica gel eluting with an appropriate ratio of hexane:ethyl acetate 
25 to give the coupling product. The coupHng product (0.17 mmol) was dissolved in 
methanol (2.0 mL) and 2 KOH (0.25 mL) was added. After 3 hrs at 25 - 60 "C, 
depending upon flie hydrolytic stability of the ester group, the reaction mixture was 
acidified with 2 N HQ and extratracted with ethyl acetate. The organic phase was 
washed witii brine , dried and concentrated . The residue was purified by preparative 
30 HPLC on a 100 X 20 mm YMC C-18 column using 10-100% gradient CHiCN-EfeO 
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containing 0.1% TFA as the mobile phase to give the final 2,3-dihydro-benzofuran-2- 
caiboxylic acid 

NMR (500MHz, CDCI3) 8 7.08 (d, J=3.0 Hz, IH), 7.02 (d, J= 9.0 Hz, 1 H), 6.90 
5 (dd. J= 9.0, 3.0 Hz, IH), 6.7 (d, J=2:5 Hz. IH), 6.70 (dd, J=9.0, 2.5 Hz, IH), 6.66 (d, 
J=9.0 Hz, IH), 4.46 (q, J= 8.5 Hz, 2H), 4.16 ( t, J= 6.0 Hz. 2H), 4.12 (t, J-6.0 Hz, 2H), 
3.53(d, J= 16.5 Hz, IH), 3.11 (d, J=16.5 Hz, IH), 2.19 (quintet, J= 6.0 Hz, 2H), 1.63 
(s, 3H). 

10 MS (ESI, m/z): 460.1 (M*). 

Exanq)le2 

5.{3_[4_(2,2-Dimethyl-propyl)-2-piopyl-phenoxy]-propoxy}-2-methyl-2,3-dihydn^ 
beDzofuran-2-caiboxylic add 



To a solution of 4-allyoxybenzaldehyde (1.38 g, 10 mmol) in THF (50 
20 mL) cooled at -78 "C was added a solution t-butyhnagnesium chloride in THF (IM, 
11 mL, 11 mmol). The reaction was wanned to 25 **C and quenched by addition of 




Step 1. 4-(2,2-Dimethyl-propyl>2-propyl-phenoi 



1) t-BuMgCI 

2) MegSiH. n=A 

3) Heat 
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saturated aqueous NH4CI. The organic phase was separated , dried and concentrated. 
The residue was purified by chromatography on silica gel eluting with 9:1 hexane: 
ethyl acetate to give 1.2 g H4-aUyloxyphenyl)-2,2-dimethylpropan-l-ol. 

5 i-(4-Allyloxyphenyl)-2^-dimethyIptopan-l-ol (1.2 g, 6.1 nunol) and 

trimethylsilane (mL, 61.0 mmol) were dissolved in dichlorormethane (5.0 noL) and 
trifluoroacetic acid (2.1 g, 18.3 mmol) was added at 0 °C. After 30 min. the reaction 
mixture was concentrated to give esentially pure l-all)ioxy-4-neopent5dben2ene. The 
crude product was dissolved in 1,2,4-trichlorobenzene (5.0 mL) and the sohitioa was 

10 heated to reflux for 4 hrs. Removal of solvent and chromatography of the residue on 
siUca gel eluting with 9:1 hexane:ethyl acetate gave 0.70 g 2-allyl-4-(2^-dimethyl- 
propyl)phenol. 

A mixture of 2-allyl-4-(2^-dimethyl-propyl)phenol (0.70 g, 3.4 mmol) 
15 and 10% palladium on carbon (0.14 g) in ethyl acetate was stirried under hydrogen (1 
atm) for 1 h. The reaction mixture was filtered and liie filtrate was concentrated to 
give the title compound. 

*HNMR (500MHz. CDCI3) 5 6.89 (d, J=2.5 Hz, IH), 6.86 (dd. J=8.5, 2.5 Hz. IH). 
20 6.69 (d, J=8.5 Hz. 2.60 (t. J= 6.5 Bz, 2H). 1.67 (sixtet. J= 6.5 Hz, 2H), 1.0 (t, J=6.5 

Hz,3H),0.95(8,9H). 

Step 2. l-(3-iodo-propoxy)- 4-(2,2-dimethyl-propyl)-2-propyl-benzene 

The title compound was prepared foUowmg tfie general procedure 
25 described in Example 1, Step 3 using the phenol prepared in Step 1 as the 2,4- 
disubstituted phenol.. 

^HNMR (500MHz. CDCI3) 5 7.15 (d. J=2.5 Hz, IH). 6.97 (dd, J=8.5, 2.5 Hz, IH). 
6.86 (d, 1=8.5 Hz, IH), 4.20 (t, J=6.5 Hz, 2H), 3.41 (t, 1=6.5 Hz, 2H), ). 2.60 (t. 
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J=6.5Hz, 2BI). 2.42 (s, 2H), 2.13 (quintet, J=6.5 Hz, 2H), 1.52 (m, 2H), 1.02 (t, 
J=6.5Hz, 3H), 0.89 (t, J=6.5 Hz, 3H), 0.88 (s, 9H). 

Step 3. 5-{3-[4K2,2-Dime%l-piopyI)-2-prop)i-phenoxy]-propoxy}-2-mBlh3d-23- 
5 dihydro-benzafiiran-2-caiboxylic add 

The title compound was prepared following the general procedure 
described in Example 1, Step 4, employing the intermediate pr^ared in Example 1, 
Step 1 as the phenol and the iodide prepared in Step 2. 

10 ^H NMR (500MHz, CD3OD) 8 6.83-6.88 (m, 2H), 6.76-6.80 (m, 2H), 6.64^.70 (m, 
2H), 4.10 (t, J= 6.0 Hz, 4H), 3.53 (d, J= 16.5Hz, IH), 3.08 (d, J=16.5Hz, IH). 2.53 (t, 
J= 7.5 Hz, 2.38 (s, 2H), 2.17 (quintet, J= 6.0 Hz, 2H), 1.61 (s, 3H), 1.55 (m, 2H). 0.87 
(t, J=6.5 Hz, 3H), 0.86 (s, 9H). 
MS (ESI, m/z): 441.3 Qst+l). 

15 

Example 3 

5-[3<2-Chloro-4-ttifluoroinethoxy-phenoxy)-iMX^xy]-2-methyl-2,3-dihy 
benzofuian-2-carbQxylic add 




Step 1. 2-chloro-4-(trifluoromethoxy)phOTol 

The title compound was prepared according to the ^neral procedure 
described in Example 1, Step 2 using 4-trifluoromethoxyphenol as para-substituted 
phenol. 

25 

*H NMR (500MHz, CDCI3) 5 7.30 (d, J=2.5 Hz, IH), 7.15 (dd, J=9.0, 2.0 Hz, IH), 
7.10 (d, J=9.0 Hz, IH), 4.30 (hr. s, IH). 
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10 



15 



20 



Step 2. l-(3-iodo-propoxy)-2-chloro-4-(trifluoromethoxy)-beii2ene 

The title compound was prepared following the general procedure 
described in Example 1, Step 3 using the phenol prepared in Step 1 as the 2,4- 
disubstituted phenol. 

*H NMR (500MHz, CDCla) 8 7.31 (d, J=2.5 Hz, IH), 7.16 (dd, J=9.0. 2.0Hz. IH), 

7.10 (d, J=9.0 Hz, IH), 4.14 (t, J=6.0 Hz, 2B^, 3.42 (t, 6.5Hz, 2H) 
2.30(ni,2H). 

Step 3. 5-[3-(2-ailoro-4-trifluorometihoxy-phenoxy)-ptopoxy]-2-niethyl-2,3-dihydro- 
benzofuran-2-caibox)dic add 

The title compound was prepared following tiie general procedote 
described in Example 1, Step 4, using the the intermediate prepared in Example 1, 
Stq) 1 as tiie phenol and the iodide prq>ared in Step 2. 

^H NMR (500MHz, CD3OD) 5 7.34 (d, J=2.5 Hz, IH), 7.19 (dd, J=9.0. 2.0 Hz, IH). 
7.15 (d, J=9,0 Hz, IH), 6.80 (d, J=2.5 Hz, IH), 6.70 (dd, J=8.5, 2.5 Hz, IH), 6.66 (d, 
J=8.5 Hz, IH), 4.25 (t, J=6.0 Hz, 2H), 4.14 (t, J=6.0 Hz, 2H). 3.54 (d, J=16.5 Hz, IH), 

3.11 (d, J=16.5 Hz, IH), 2.27-2.22 (quintet, J=6.0 Hz, 2H), 1.63 (s, 3H). 

MS (ESI, m/z): 447.8 (M^+1) 

Example 4 

5.(3.[4-(2,2-I>imethyl-prop)d)-2-propyl-phenoxy]-propoxy}-2-ethyl-2,3-dihydn>- 
benzofuran-2-catbox^c add 
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Stepl. 2-Ethyl-5-hydjx)xy-23-<fihydio-benzofuran-2-carboxylic acid methyl ester 



The tifle compound was prepared foDowing the procedure described in 
5 Example 1, Step 1, employing ethyl iodide instead of methyl iodide as the 
electrophile. 

^HNMR (SOOMHe, CDQa) 5 6.72 (d, J=8.5 Hz, IH), 6.67 (d. J=3Hz, IH), 6.61 (dd, 
J=8.5, 3.0, IH), 3.80 (s. 3H), 3.54 (d, J=14.0 Hz, IH), 3.16 (d, J=14.0 Hz, IH), 2.05 
10 (m, 2H), 1.0 (t, J=7.5 Hz, 3H) . 

MS (ESI, m/z): 223 (ME'+l) . 

Step 2. 5-{3-[4-(2>Dimethyl-propyl)-2-propyl-phenoxy]-propoxy}-2-ethyl-2,3- 
15 dihydro-bemzofuran-2-caiboxylic acid. 



described in Example 1, Step 4, employing the phenol prepared in Step 1 and the 
20 intranediate prepared in Example 2, Step 2 as the iodide. 

'HNMR (500MHz, CDCI3) 5 6.88 (dd, J= 2H, IH), 6.76-6.80 (m, 2H), 6.64-6.70 (m. 
2H), 4.10 (t, J= 6.0 Hz, 4H), 3.53 (d, J= 16.5 Hz, IH), 3.08 (d, J=16.5 Hz, IH), 2.53 
(t, J= 7.5Hz, 2.38 (s, 2H), 2.17 (quintet, J= 6.0 Hz, 2H), 1.55 (m, 2H), 0.86 (s, 9H). 




The tide compound was prepared following flie ^neral procedure 



25 



MS (ESI, m/z): 441.3 (M^+1). 



Example 5 



-43- 



WO.2()04/010936 




PCT/US2003/623430 



2-Ethyl-5-[3-(2-propyl-4-trifluoromethylsulf^ 
benzofuran-2-carboxylic acid 




5 Step 1. 2-Propyl-4-(trifluoromethylsuIfanyl)phen^ 

A mixture of 4-(td£luaromelfaylsulfanyl)phenol (1.9 g, 10 minol), allyl 
brimide (1.8 g, 15 mmol) and CS2CO3 (6.5 g, 20 mmol) in DMF, 80 mL) was stirred 
for 2 his at 50 °C. The leaction was diluted with ethyl acetate and washed with water. 
The organic phase was dried and concentrated to give essentially pure allyl 4- 
10 (trifIuoroinelliylsulfanyl)phenyl etiier. 



The allyl ether (2.3 g, 10 mmol) was dissolved in 1,2,4- 
trichloiobenzene (10 mL) and the solution was heated at reflux for 4 hrs. the reaction 
was cooled and poured on the top of a silica gel column. Sequential elution with 
15 100% hexane and 9:1 hexane:ethyl acetate gave 1.8 g 2-allyl-4- 

(trifluoromethylsulfanyl)phenol. This compound was hydrogenated (1 atm hydrogen) 
in ethyl acetate (20 mL) in the presence of 10% Pd-C (0.36 g) to give 1.8 g of the title 
compound. 

20 Step 2. l-(3-iodo-propoxy)-2-propyl-4-(trifluoromethylsulfanyl)-bene^ 

The tide compound was prepared following the general procedure 
described in Example 1, Step 3 employing the phenol prepared in Step 1 as tiie 2,4- 
disubstituted phenol. 

25 NMR (500MHz, CDCI3) 5 7.45 (dd, J= 8.5, 2.5 Hz, IH), 7.38 (d, J=2.5 Hz, IH), 
7.00 (d, J=8.5 Hz, IH), 4.15 (t, J=6.5 Hz, 2H), 3.40 (t, J=6.5 Hz, 2H), 2.59 (t, J= 7.5 
Hz, 2H), 2.22 (quintet, J=6.5 Hz, 2H) 1.57 (m, 2H), 0.89 (t, J=7.5Hz, 3H). 
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Step 3. 2-E%l-5-[3-(2-propyl-4-trifluaromethyIsulfanyl-phenoxy)-propoxy 
dihydro-beiizofuran-2-carboxylic add. 

The title cQmpoand was prepared following the general pcoceduie 
5 decribed in Example 1, Step 4 using the intennediate prepared in Exan^le 4, Stqp 1 
as die phenol and the iodo compound prepared in Step 2. 

NMR (500MHz, CDCI3) 8 7.46 (dd, J= 8.5, 2.5, IH), 7.38 (d, 2.5 Hz, IH), 7.01 
(d, J=8.5 Hz, IH), 6.78 (br.s, IH), 6.66-6.71 (m, 2H), 4.21(t, J=6,0Hz, 2H), 4.11 (t, 
10 J=6.0 Hz, 2H), 3.48 (d. J= 16.5 Hz, IH), 3.15 (d, J= 16.5 Hz, IH), 2.58 (t, J= 7.5Hz, 
2H). 2^2 (quintet, J= 6.0 Hz. 2H), 2.03 (dq, J=14.5, 7.5 Hz, IH), 1.93 (dq, J=14.5, 
7.5 Hz, IH), 1.56 (sixtet, J= 7.5 Hz, 2H), 0,97 (t, J=7.5 Hz,3H), 0.89 (t, J=7.5 Hz, 
3H). 

15 MS (ESI, m/z): 507.2 (NI^+Na). 

Example 6 

5-[3-(2-CMoro-4-ti±Quo!romethylsulfaiiyl-phenoxy)-pnq)Oxy]-2-ethyl-2,3-dihydro 
benzofuran-2-caifooxyIic add 



20 




Stq> 1. 2-Chloco-4-(trifluoK)niethylsulfanyl)-phenol 

The title compound was prepared following the procedure described in 
Example 1, Step 2 using 4-(trifluotomBtfi3^ulfanyl)phraiol as Aepara-substituted 
phenol. 

Step 2. 2-Cailoro-l-(3-iodo-propoxy)-4-(trifluaroniethylsulfan)d)-benzene 
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The title compound was prepared following the general procedure 
described in Example 1, Step 3, using the phenol prepared in Step 1 as the 2,4- 
disubstituted phenol. 

5 Step 3. 5-[3-(2-Chlora-4-trifluoiomethylsulfanyl-phenoxy)-propoxy]-2-ethyl^^ 
dihydro-benzofuran-2-carboxylic arid 



described in Example 1, Step 4 employing the phenol prepared in Example 4, Step 1 
and the iodide prepared in Step 2. 



NMR (500MHz, COa^) 8 7.68 (d, J= 2.0 Hz, IH), 7.58 (dd, J=8.0, 2.0 Hz, IB), 
7.18 (d, 8.0Hz, IH), 6.79 (d, J=L5Hz, IH), 6.70 (dd, J= 9.0, 1.5 Hz, IH), 6.67 (d, 
J=9.0 Hz, IH), 4.29 (t, J=6.0 Hz, 2H), 4.13 (t, J=6.0 Hz, 2H), 3.47 (d, J= 16.5 Hz, 
IH), 3.15 (d, J=16.5 Hz, IH), 2.54 (quintet, J=6.5 Hz, 2H), 2.03 (dq, J=14.5, 7.5 Hz, 
15 IH), 1.93 (dq, J=14.5, 7.5 Hz, IH), 0.99 (t, J=7.5 Hz, 3H). 

MS (ESI, m/z): 499.1 (M^+Na). 

Example 7 

20 5-[3-(4-terr-Butyl-2-^Moro-phenoxy)-propoxy]-2-«thyl-2,3-dihydro-benzoto 
carboxylic acid 



The title compound was prepared following the general procedures 
described Example 1, Step 3 and Step 4, enq>loymg 2-<:hloro-4-fert-butylphenol 
25 instead of 2-chloro-4-(trifluoroethoxy)phenol for the preparation of the iodide and the 
intermediate prepared in Example 4, Step 1 as the phenol for coupling with the iodide. 



Hie title compound was prepared following the general procedure 



10 
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^HNMR (500MHz. CD3OD) 8 7.35 (d, J=2.5 Hz, IH), 7.25 (dd, J=8.5, 2.0 Hz, IH), 
6.98 (d. J=8.5 Hz, IH). 6.80 (d, J=2.5 Hz, IH). 6.71 (dd, Jx=8.5, 2.5 Hz, IH). 6.67 (d, 
J=8.5 Hz, IH), 4.18 (t, J=6.0 Hz, 2H), 4.13 (t, J=6.0 Hz. 2H). 3.47 (d, J=16.0 Hz, IH), 
3.16 (d, J=16.0 Hz, IH), 2.20 (quintet, J= 6.0 Hz, 2H), 2.05 (dq, J=14.0, 7.5Hz, IH). 
5 1.94 (dq, J=14.0, 7.5Hz,lH), 1.28 (s, 9H), 0.99 (t, J=7.5 Hz, 3H). 

MS OESI, m/z): 455.1 (M'+Na) 

Example 8 

10 5-[3-(2-CMoro-4-trifluoromeAyl-phenoxy)-piopoxy]-2-ethyl-2,3-dihydro4)eii^^ 
2-carboxylic acid 




Step 1. 2-CHaro-H34(Klo-propoxy)-4-(trifluoioinBthyl)-benz«aae 
15 The title compound was prepared following the general procedure 

described in Example 1, Step 3, employing 2-cliloio-4-(trifluotoniethyl)phenol as the 
2,4-disubstituted phenol. 

Step 2. 5-[3-(2-Chloro-4-trifluoromethyI-phenoxy)-propoxy]-2-ethyl-2,3-dihydro- 
20 benzofuran-2-carboxylic acid. 

The title compound was prepared following ttie general procedure 
described in Exanq)le 1, Step 4 enq)loying tiie phaaol prepared in Example 3, Step 1 
and the iodide prepared in Step 1. 

25 ^H NMR (500MHz, CD3OD) 5 7.66 (d. J=2.0 Hz, IH). 7.56 (dd, J=9.0, 2.0 Hz, IH), 
7.23 (d, J=9.0 Hz, IH). 6.80 (d, J=2.5 Hz, IH). 6.71 (dd, J=8.5, 2.5 Hz. IH). 6.68 (d, 
J=8.5 Hz, IH), 4.31 (t, 1=6.0 Hz, 2H), 4.14 (t, J=6.0 Hz, 2H), 3.48 (d, J=16.5 Hz, IH). 
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3.16 (d, J=16.5 Hz. IH), 2.29-2.24 (m, 2H), 2.08-2.00 (m, IH), 1.97-1.90 (m, IH), 
0.99(t,J=7.5Hz.3H). 

MS (ESI, m/z): 445.8 (B^+1). 



5-{3-[2-CUoix>-4-(l,l-dimethyl-propyl>phenoxy]-ptopoxy}-2-ethyl-2,3-dihydro- 
benzofuran-2-caiboxylic add 



10 Step 1. 2-CMoio-l-(3-iodo-piopoxy)-4-<14-diiiiefliyl-propyl)-braizene 

The tide compound was piepaied folloving the general ptoceduie 
described in Example 1, Step 3 employing 2-chlon)-4-(l,l-dimelh)l-propyl>phenol as 
the 2,4-disubstituted phenoL 

15 Step 2. 5-{3-[2-ailoro-4-(l,l-dimethyl-propyl)-phenoxy]-propoxy}-2-ethyl-2,3- 
dihydio-ben2ofuran-2-carboxyUc add 



described in Exan^le I, Step 4 employing the phraol piepaied in Budiaple 4, St^ 1 
and the iodide piepaied in Step 1. 



20 *H NMR (500MHz, CD3OD) 8 7.29 (d, J=2.5 Hz, IH), 7.19 (dd, Ji=8.5, 2.5 Hz, IH). 
6.98 (d, J=8.5 Hz, IH), 6.80 (d, J=2.0 Hz, IH), 6.70 (dd, J=9.0, 2.5 Hz, IH), 6.67 (d, 
J=9.0 Hz, IH), 4.19 (t, J=6.0 Hz, 2H), 4.13 (t, J=6.0 Hz, 2H), 3.48 (d, J=16.0 Hs, IH), 
3.16 (d, J=16.0 Hz, IH), 2.20 (quintet, J=6.0Hz, 2H), 2.03 (dq, J=14.0, 7.5Hz, IH), 
1.93 (dq, J=14.0, 7.5Hz, IH), 1.62 (q, J=7.5 Hz, 2H). 1.24 (s, 6H), 0.99 (t, J=7.5 Hz, 

25 3H), 0.67 (t, J=7.5 Hz. 3H). 

MS (ESI, m/z): 447.0 (IVT+l). 



5 



Example 9 




The tide compound was prepared following the general procedure 
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Example 10 

(2S)-5-[3<2-Chloro-4-trmuoromethoxy-phenoxy)-piopo 
benzoftiran-2-carboxylic acid 

O CI 

5 

Step 1. (2S)-2-(2-Huoro-benzyl)-2-hydroxy-butyac add 

1) Ph3P=CEtC02Et 

2) Sharpless AD 

3) Ha. Pd/C 

4) KOH 

OHCr^ OH 
A solution of 2-fluotobcfnzaldehyde (6.2 g, 50 mmol) and ethyl 2- 
10 (tripheiiylphosphoranyUdene)butanoate (18.8 g. 50 mmol) in TOP (200 mL) was 
rcfluxed for 2 hrs. The reaction mixture was concentrated and the residue was 
ttitorated with 1:1 hexane:elhyl acetate. The precipitate was removed by filtration 
through siUca gel and the filtrate was concentrated. The residue was purified by 
chromatography on silica gel eluting with 8:2 hexane:ethyl acetate to give ethyl (£)-2- 
15 ethyl-3-(2-fluorophenyl)propenoalB. 

Ethyl (jB)-2-ethyl-3-(2-fluorophenyl)propenoate (4.4 g, 20 mmol), AD- 
mix-p (28.0 g) and methylsulfonamide (1.9 g. 2.0 mmol) were mixed in 1: 1 
BuOBtlfcO (200 mL). Hie resulting mixture was stirred at 4 °C for 2 days and 
20 quenched by addition of an aqueous solution of N&2SO3 (2 N, 20 mL). The mixture 
was diluted with ethyl acetate (200 mL), washed with brine (2 x 100 mL) and dried. 
Removal of solvent gave ethyl (25, 35)-2-ethyl-3-(2-fluorophenyl)-2,3- 
dihydroxypropanoate with ,97% ee, as determined by HELC on a Chiracel OD column 
using 30% isopropanol iii hq)tane as the mobile phase. 

25 
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Ethyl (25, 3S)-2-ethyl-3-(2-fluorophenyl)-2,3-dihydroxypropanoate 
(5-2 g, 20 mmol), 10% palladium on carbon (2.5 g) and concentrated sulfuric acid (0. 
53 mL, 10 mmol) were mixed in acetic acid (100 mL). The reaction mixture was 
hydrogeriated at 45 psi for 48 hrs. Sodium acetate (1.7 g, 20 mmol) was added and 
5 the reaction mixture was stiired for 10 min before it was filtered through silica gel. 
Concentration of the filtrate gave essentially pure ethyl (2S)-2-(2-Fluoro-benzyl)-2- 
hydroxy-butyrate, which was hydrolyzed with KOH (2 N, 25 mL) in methanol (150 
mL) to give the title compound. 



10 ^HNMR (600MHz, CDCI3) 5 7.22-7.30 (m, 2H), 7.08 (t, 1=7.8 Hz, IH), 7.03 (dd, J= 
7.8, 9.0 Hz, IH), 3.17 (d, J=14.0 Hz, IH), 3.08 ( d, J=14 Hz, IH), 2.03 (dq, J=13.8, 
7.8 Hz, IH), 1.76 (dq, J= 13.8, 7.8 Hz, IH), 0.97 (t, J=7.8 Hz, 3H). 



15 



Step 2. 2-Ethyi-5-hydroxy-2,3-dihydro-benzofuran-2-carbDxylic acid methyl ester 



HOgC" 




1) NaH, DMF-Toluene 

2) CH3COCI/AICI3 

3) m-CPBA, NaHCOg 



/ 



MeOaC 




OH 



To a solution of the acid from step 1 (4.0 g , ca. 20 mmol) in 1:4 
20 DMF:toluene (100 mL) was added 60% NaH in mineral oil (1.76 g, 44 mmol) in 3 
portions. The reaction mixture was stirred at 1 10 °C under N2 far 4 hrs. The reaction 
was cooled to room temperature and poured into cold water (100 mL). The aqueous 
layer was washed with hexane (50 mL), acidified with 2 N aqueous HQ and extracted 
with ethyl acetate (3 x 50 mL). The extracts were washed with brine (50 mL), dried 
25 and concentrated. The residue was dissolved in 7: 1 benzeneiMeOH (80 mL) and 

treated with TMSCHN2 (IM in hexane) until gas evolution ceased. The reaction was 
concentrated and the residue was chxomatographed on silica gel eluting with 85:15 
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hexane:ethylacetate to give methyl (25)-2-ethyl-2,3-<iihydro-benzofuran-2- 
caiboxylate. 

Methyl (25)-2-ethyl-23-dihydix>-benzofiffan-2-carboxylate(3.1 g, 15 
5 mmol) was mixed with acetyl chloride (3.5 g, 45 mmwl) and aluminum chloride (6.0 
g, 45 mmol) in dichloromethane (100 mL). Hie reaction mixture was stined at 25 "C 
for 1 hr and then poured into 1 N aqueous HQ (100 mL). The organic layer was 
separated and the aqueous phase was extracted with dichloromefliane (50 mL). The 
combined extracts were washed with brine and concentrated to give essentially pure 
10 methyl (25)-5-acetyl-2-ethyl-23-dihydro-benzofuran-2-caiboxylate. 

Methyl (25)-5-acetyl-2-ethyl-2,3Kiihydro-benzofuran-2-carboxylate 
(3.8 g, ca. 15 mmol), m-chloroperbenzoic acid (70%, 7.7 g, 30 mmol) and NaHCOs 
(3.8 g, 45 mmol) in dichloiomefliane (150 mL) was stirred under reflux for 2 hrs. The 

15 reaction nuxture was washed successively with saturated aqueous sodium sulfite (100 
mL) and aqueous NaHCOs (2 X 100 mL). After removal of solvent, the residue was 
dissolved in methanol (100 mL) and treated with aqueous KOH (5 N, 3 mL) at 0 
for 5 mio. The reaction was neutralized wiA excess solid sodium bicarbonate, filtered 
and concentrated. The residue vsras purified by duomatography on silica ^1 eluting 

20 with 8:2 hexanerethjd acetate to give the title compound. 

NMR (500MHz, CDCI3) 5 6.72 (d, J=8.5 Hz, IH), 6.67 (d, J=3Hz, IH), 6.61 (dd, 
J=8.5, 3.0, IH), 3.80 (s, 3H), 3.54 (d. J=14.0 Hz. IH), 3.16 (d. J=14.0 Hz. IH), 2.05 
(m, 2H), 1.0 (t, J=7.5 Hz. 3H). 

25 

MS CESLm/z): 223 (MC^+l). 

Step 3: Determination of the absolute stereochemistry 
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Hie racemate intermediate from example 4, step 1 was converted to a 
separable diastereoisomeric mixture (2/?)-2-phenyloxazolinone amide A and B, The 
5 stereochemistry at the chiral center of of the isomer A was found to be R by X-ray 
crystallography. Since isomer B can be derived from the phenol prepared in step 2, it 
can be concluded that the phenol obtained in step 2 has configuration at its chiral 
center. 

10 X-Ray crystal structure of isomer A 

Crystals suitable for diffiaction studies were grown from a mixture of 
acetonitrile/water. Hie crystals obtained are orthorhombic with space group i'2i2i2i 

and ceU constants of a = 6.108(2), b = 11.040(3), c = 26.546(7) A, with 7= 1790(1) 
A3, and Z = 4. The calculated density is 1.363 g cm"^- 

15 

All diffraction measurements were made using monochromatized Mo 
iT^radiation (JL = 0.71073 A) on a CCD area-detector equipped diffractometer, at T = 

100 K, to a ^limit of 26.39*". There are 3674 unique reflections out of 19712 
measured with 2464 observed at titie / > 2a(I) leveLThe structure was solved by direct 
20 methods and refined using ftdl-matdx least-squares on using 246 parameters and 
all unique reflections. The refinement converged with agreement statistics ofR- 
0.041, wR = 0.066, S = 0.93 with (A/a)inax = 0-01- 

A computer-generated perspective view of isomer A is shown in Figure 
25 2. lists of interatomic distances and angles are given in Tables 1 and 2, respectively. 

Figure 2 
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Table 1 Interatoimc Distances (A) 



09— C8 


1.396(2) 


C21— C22 


1.378(3) 


09— CI 


1.460(2) 


C21--C20 


1.393(3) 


015— C13 


1.348(3) 


C3--C2 


1.510(3) 


015— C16 


1.455(3) 


C18— C23 


1.388(3) 


026— C5 


1.384(2) 


C1&-C19 


1390(3) 


026— C27 


1.440(3) 


C18-C17 


1.518(3) 


Oil— CIO 


1.224(2) 


C20— C19 


1.387(3) 


014— C13 


1.194(3) 


C2— CI 


1.553(3) 


C4— C5 


1.387(3) 


C23— C22 


1.388(3) 


C4— C3 


1.395(3) 


N12— CIO 


1.393(3) 


CIS— N12 


1.406(3) 


N12— C17 


1.478(3) 


.C8— C7 


1.378(3) 


C25— C24 


1.528(3) 


C8— C3 


1.379(3) 


C24— CI 


1.535(3) 


C7— C6 


1.397(3) 


CI— CIO 


1.527(3) 


C5— C6 


1.392(3) 


C16— C17 


1.530(3) 



20 

Table 2. Interatoimc Angles (deg.) 



C8— 09— CI 105.38(16) 

C13— 015— C16 110.84(18) 

25 C5— 026— C27 116.48(17) 

C5— C4— C3 118.1(2) 

014— C13-015 122.9(2) 



C3— C2— CI 99.71(16) 

C22-<;23-<:i8 120.6(2) 

CIO— N12-C13 130.33(18) 

C10-N12— C17 117.90(18) 

C13— N12— C17 111.52(18) 
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014 TT^ N12 


128 QC2'> 


C5— C6— C7 


120.8(2) 


CitK pi a KTIO 




C20 — C19 — C18 


120 5f2) 


r*7 po pa 

1^ / K^O l^J 




C25— C24— CI 


115 51 (IS) 


cn PS no 

K^l — — Kjy 


19^ ^cy\ 


00 CI CIO 


108 2fin7'fc 


P'l PQ rio 

— LrO — KJy 




00 ri C94 




r^Q r^n r^f. 


117 9^9^ 


pio ri 


XX\/m^r\J\XO) 


UZO — — 




no pi_P9 


Xv/O.f jf^XOJ 


UZo— — v^O 


11^ OA(\ o\ 


pin pi P9 


114. '^9^1 7^ 

XX'+.OZr^X / J 


i^A r^K c^4^ 
\J\ — — UD 




po /J pi P9 


1051 07^1 91^ 


/^oo 001 


1 on 


ni<k pifi PI 7 


in< CQ/1 Q\ 


C8 — C3 — C4 




VT1 0 -in 1 Q 

JNiZ 1^1 / L^lo 


xxj.dO(x /) 


C8— C3— C2 


108.89(19) 


NI2— C17— CI6 


100.16(17) 


C4— C3— C2 


131.0(2) 


C18— C17— C16 


113.32(18) 


C23— C18— C19 


119.06(19) 


C21— C22— C23 


120.0(2) 


C23— C18— C17 


118.74(19) 


Oil— CIO— N12 


117.37(19) 


C19-C18— C17 


122.12(19) 


Oil— CIO— CI 


120.7(2) 


C19^-C20— C21 


119.8(2) 


N12-C10— CI 


121.9(2) 



20 Stq> 4. (25)-5-[3-(2-<IMon)-44iMuoramelhoxy-phenoxy)-propoxy^ 
dihydto-benzofuraa-2-catbox)4ic acid 

The title confound was pr^aied following Hie genoal procedme 
desciibed in Example 1, Step 4, employing the chiral phenol piepased in Step 2 and 
the iodide prepared in Example 3, Step 2. 

25 

NMR (500MHz, CD3OD) 6 7.31 (d, J=2.5 Hz, IH), 7.17 (dd. Ji=8.0, 2.5 Hz, IH), 
7.12 (d, J=8.5 Hz, IH), 6.78 (br. s, IH), 6,69 (dd, J=8.0, 2.0 Hz, IH), 6.66 (d, J=8.5 
Hz, IH), 4.22 (t, J=6.0 Hz, 2H), 4.11 (t, J=6.0 Hz, 2H), 3.47 (d, J=I6.0 Hz, IH), 3.14 
(d, J=16.0 Hz, IH), 2.24-2.19 (quintet. J=6.0 Hz, 2H). 2.03 (dq. J=14.0. 7.5 Hz, IH), 
30 1.93 (dq, J=14.0. 7.5 Hz, IH), 0.98 (t, J=7.5 Hz. 3H). 

MS (ESI, no/z): 482.3 (M^+Na) 
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Example 11 

(2S>5-{342-Chloro-4-(2,2-dime%l-propyl)-phenoxy]-propoxy}-2-ethyl-23-dihy*^^ 
benzofuran-2^arboxylic add 




CI 

5 Step 1. 2-cWoro-l-(3-iodo-propoxy)4-(2,2-dimethylpiopyl)-benzene 

The title compound was prepared following the general procedure 
described in Example 1, 3 using the 2-chloio-4-neopentylphenol as the 2,4- 
disubstituted pheaol. 

10 Step2.(2S)-5-{3-[2-ChlQro^(2>dimethyl-propyl>phenoxy]-propoxy}-2-ethyl-23- 
dihydro-benzofaian-2-carboxylic acid 

The title compound was ptepated following tihe g^eral procedure 
described in Example 1, Step 4 employing the chiral phraiol prepared in Example 10, 
Step 2 and the iodide prepared in Stqi 1. 

*HNMR (500MHz, CDCI3) 5 7.11 (d. J=1.5 Hz, IH), 6.98 ( dd, J- 8.0, 1.5 Hz, IH), 
6.95 (d, J= 8.0 Hz. IH). 6.79 (d, 1=2.0 Hz, IH), 6.70 (dd, J=8.5, 2.0 Hz. lE^, 6.67 (d, 
J=8.5Hz, IH), 4.17 (t, J=6.0 Hz, 2H), 4.12 (t, J=6.0 Hz, 2H), 3.48 (d, J=16.S Hz, IH), 
3.15 (d. J=16.5 Hz, IH). 2.20 (m, 2H), 2.02 (dq, J=14.5, 7.5 Hz. IH), 1.93(dq, J=14.5, 
20 7.5 Hz, IH), 0.99 (t, J=7.5 Hz, 3H), 0.88 (s, 9H). 

MS (ESI, m/z): 447.2 (Kf^+1). 

Example 12 

25 (25)-5-{3-[2-qaoro-4-(2,2>trifluoio-ethoxy)-phenoxy]-propoxy}-2-ethyl-2,3- 
dihydro-benzofittBnr2-carboxylic add 
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HO2C' 





CI 



The title compound was prepared following the general procedure 



described in Example 1, Step 4 employing tiie chiral phenol prepared in Example 10, 
Step 2 and the iodide prepared in Example 1, Step 3, 



^HNMR (500MHz, CDCI3) S 7.08 (d, J=2.5 Hz, IH), 7.02 ( d, J= 9.0, IH), 6.91 (dd, 
J= 9.0. 2.5 Hz, IH), 6.79 (d, J=2.0Hz, IH), 6.70 (dd, J=8.5, 2.0 Hz, IH), 6.67 (d, 
J=8.5 Hz, IH), 4.46 (q, J=8.5 Hz, 2H), 4.16 (t, J=6.0 Hz, 2H), 4.11 (t, J=6,0 Hz, 2H), 
3,48 (d, J=16.5 Hz, IH), 3,16 (d, J=16.5 Hz, IH), 2.20 (m, 2H), 2.03 (dq, J=14.5, 7.5 
10 Hz, IH), 1.94(dq, J=14.5, 7.5 Hz, IH), 0.99 (t, J=7.5 Hz, 3H). 

MS (ESI, m/z): 474.1 (ht). 



(2S)-5-{3-[2-<:hloro-4-<3,3,3-tii£luoro-propyl)-phOToxy]-propoxy} 
15 dihydro-beiizofuran-2--carboxylic acid 



2,2,2-trifluoroetfayltriphenylphosphonium trifluotomethanesulfonate (0.49 g, 1.0 
20 mmol) and CsF (0.76 g, 5.0 mmol) m DMF (10 mL) was stirred at 25 X for 16 h. The 
reaction was then diluted witti ethyl acetate, washed with water and dried. Removal of 
the solvent gave a residue which was purified by preparative TLC to give l-(3-chloK)- 
4-benzyloxyphenyl)-3,3,3-trifluoropropene. This product (65 mg, 0.2 mmol) was 
dissolved in ethyl acetate (2 mL) and hydrogenated (1 atm) in the presence of 10% 



5 



Sample 13 




Step 1. 2-Chloro-4-(3,3,3-trifluoro-propyl)phenol 

A solution of 4-benzyloxy-3-chlorobenzaldehyde (0.25 g, 2. 0 mmol). 
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palladium on carbon for 1 hr. Removal of the catalyst and solvent give 2-chloro-4- 
(3,3,3-trifluoropropyl)phenol as an oil. 

Step 2. Preparation 2-chloro-l-(3-iodo-propoxy)-4-(3,33-trifluoK)propyl)-ben2ene. 

5 

The iodide was prq)ared following the general procedure described in 
KYflmplft 1, step 3 using the phenol prepared in step 1 as para-substituted phenoL 

Step 3. (25)-5-{3-[2-CMoro^(3,3,3-trifluoro-propyl)-phenoxy]-propoxy}-2-eth54- 
10 2,3-dihydro-benzoftiran-2-carboxylic acid 

The title compoimd was prepared following the general procedure 
described in Example 1, Step 4 employing die chiral phenol in Exanq>le 10, Step 2 
and the iodide prepared in Step 2. 

15 NMR (SQOMEIz, CD3OD) 5 7.26 (d, J=2.5 Hz, IH), 7.11 (dd, J=8.5, 2.5 Hz, IH), 
6.70 (d, J=8.5 Hz, IH), 6.79 (br. s, IH), 6.71-6.66 (m, 2H), 4.18 (t, J=6.0 Hz, 2H), 
4.12 (t, J=6.0 Hz, 2H), 3.47 (d, J=16.0 Hz. IH), 3.15 (d, J=16.0 Hz, IH), 2.80-2.77 
(m, 2H), 2.47-2.37 (m, 2H), 2.24-2.18 (m, 2H), 2.04 (dq, J=14.0, 7.5Hz, IH), 1.93 
(dq, J=14.0. 7.5Hz, IH). 0.99 (t. J=7.5 Hz, 3H). 

20 

MS (ESI, m/z): 495.1 CI^+Na). 

Example 14 

(2S)-5-{3-[2-ChlorD-4-(2,2>trifluoro-efliyl)-phenoxyl-propoxy}-2-ethyl-2,3-dihydro- 
25 benzofuran-2-carfooxylic acid 
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Step 1. 2-Chloro-4-(2,2,2-trifluoro-ethyl)phenol 



1) TMSCF3/TBAF 

2) thiocarbonyldiimidazole 

3) BusSnH 




To a solution of 4-beiizyloxy-3-chlorobeiizaldehyde (4.9 g, 20 nunol) 
5 and triniethyl(trifluoromcfliyl)silane (4.4 mL, 30 nnmol) in THF (0.10 L) was added a 
solution tetrabutylammonium fluoride (1.0 M in THF, 2.0 mL). After the reaction was 
stirred at 25 ''C for 3 h, it was acidified with 2 N HCl to pH 2, diluted with ethyl 
acetate and washed with brine. The organic phase was dried and concentrated and the 
residue was purified by chramotography on silica gel eluting with 8:2 hexane:ethyl 
10 acetate to give l-(4-benzyloxy-3-chlorophenyl)-2,2,2-trifluoroethanol. 

l-(4-Benzyloxy-3-chlorophenyl>2,2,2-trifluoroethanol(5.1 g, 16.1 
ramol) and thiocarbonyldiimidazole (4.3 g, 24.2 mmol) were dissolved in THP (50 
mL) and the solution was heated under reflux for 2 his. The reaction mixture was 
15 diluted with ethyl acetate, washed with brine and dried. Removal of solvent give 

crude l-(4-ben2yloxy-3-cMorophenyl)-2,2,2-trifluoroeAyliV-inuda2olyl thiocarbonate 
which is directly used for the next reaction. 

l-(4-Benzyloxy-3-chlorophenyl)-2,2,2-trifluon>ethyl iV-imidazolyl 
20 thiocarbonate (crade, 7.0 g , ca 16.1 mmol), tributyltin hydride (6.9 g, 24.2 mmol) and 
AIBN (0.53 g, 3.2 mmol) were mixed m toluene and the resulting solution was heated 
at 85 under nitrogen for 3 his. The reaction mixture was concentrated and the 
residue was purified by chromatography on silica gel eluting sequentially with 100% 
hexane and 10 :1 hexane:ethyl acetate to give l-benzyloxy-2-chloro-4-(2,2,2-trifluoro- 
25 ethyl)benzene. 
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l-Benzyloxy-2-cMoro-4-(2,2>trifluoro-ethyl)benzene (4.0 g, 13.0 
jnmol) was dissolved in dichloiomethane (50 mL) and cooled to - 78 "C. A solution 
of boion tribiomide (1.0 M in CHaCb, 14.3 mL, 14.3 nimol) was added. The reaction 
mixture was warmed to 0°C, diluted with dicMoromelhane and washed with brine. 
5 After removal of solvent, the residue was duomatographed on silica gel duting with 
9: 1 hexanerethji acetate to give the title compound. 

NMR (500MHz, CD3CI) 8 7.32 (d, J=2.0 Hz, IH), 7.22 (dd, J=8.5, 2.0 Hz, IH), 
7.06 (d, J=8.5 Hz, IH), 4.50 (br.s, IH), 3.48 (q. J=11.0 Hz, 2H). 

10 Step 2. 2-Chloro-l-(3-iodo-propoxy)-4-(2,2,2-tii£luoro-ethyl)benzene. 

The tide compound was prepared following the general procedure described in 
Exanqile 1, step 3 using the phenol prepared in step 1 as para-substituted phenol. 

Step 3. (2S)-5-{3-[2-Chloro-4-(2,2>trifluoro-ethyl)-phenoxy3-propoxy}-2-ethyl-23- 
15 dihydro-benzofuran-2-carbox)dUlc add 

The tide compound was prepared following the general procedure 
described in Example 1, Step 4, employing the chiral phenol prepared m Example 10, 
Step 2 and Ihe iodide ptepared in Step 2. 

20 ^H NMR (500MH2, CD3OD) 6 7.35 (d, 1:^2.0 Hz, IH), 7.21 (dd, Ji=8.5, 2.0 Hz, IH), 
7.06 (d, J=8.5 Hz, IH), 6.80 (d, J=2.0 Hz, IH), 6.70 (dd, J=8.5, 2.0Hz, IH), 6.68 (d, 
J=8.5 Hz, IH), 4.22 (t, J=6.5 Hz. 2H), 4.14 (t, J=6.5 Hz, 2H), 3.48 (d, J=16.0 Hz, IH), 
3.48 (q, J=11.0 Hz, 2H), 3.16 (d, J=16.0 Hz, IH), 2.23 (quintet, J=6.5 Hz, 2H), 2.03 
(dq, J=14.0. 7.5 Hz, IH), 1.93 (dq, J=14.0, 7.5 Hz, IH), 0.99 (t. J=7.5 Hz, 3H). 

25 

MS (ESI, m/z): 481.0 (M*+Na). 

Example 15 

6-[3-(2-Chloro-4-trifluorometiioxy-phenoxy)-propoxy]-2-ethyl-2,3-dihydro- 
30 benzofuran-2K»u:boxy]ic acid 
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HO2C' 




•OCF3 



Step 1. Preparation of 6-inBthoxy-beQzofuran-2-catboxyIic acid methyl ester. 




A mixture of methyl bromoacetate (1.53 g, 10 mmol), 2-hydroxy-4- 



methoxybenzaldehyde (1.52 g, 10 mmol) and CS2CO3 (6.5 g, 20 mmol) in DMF (100 
mL) was stirred vigorously at 50 "C for 3 tats and then at 150 "C for 5 min. Ttie 
reaction was cooled, diluted wiA ethyl acetate and waited widi water. The organic 
10 phase was dried and concentrated to give essentially pure 6-methoxy-benzofuran-2- 
carboxylic add methyl ester as a solid. 

Step 2. 2-Ethyl-6-hydroxy-2,3-dihydro-benzofuran-2-carboxj^c addmediyl ester. 



The title compound was prepared following the procedure described in 
Example 1, Step 1 onploying methyl 6-methoxy-benzofijran-2-carboxylate instead of 
methyl S-methoxy-benzofuran-2-caiboxylate and ethyl iodide instead of methyl 
20 iodide. 



NMR (500MHz, CDCI3) 5 6.97 (d, J=8.5 Hz, IH), 6.44 (d, J= 2.5 Hz, IH), 6.37 
(dd. J= 8.5. 2.5 Hz. IH). 3.81 (s. 3H). 3.49 (d, J=16.0 Hz. IH). 3.13 (d. J=16.0 Hz. 
IH). 2.08 (dq, J=14.5, 7.5 Hz, IH), 2.01(dq. J=14.5. 15 Hz, IH), 1.00 (t, J=7.5 Hz, 




1) H2, Pd-C 

2) LiHIWIDS, Et-I 
•Me 3) BBra 




25 3H). 
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Step2.643-(2-Chloro-4-trifluoromethoxy-phendxy)-propoxy]-2-€%l-23-dihydro- 

benzofuran-2-carboxylic add 

The title compound was prepared following the general procedure 
5 described in Example 1, Step 4, employing the phenol prepared in Step 2 and the 
iodide prq)ared in Example 3, Step 2. 

NMR (500MHz, CD3OD) 8 7.32 (d, J=2.0 Hz, IH), 7.19 (dd, J=8.5, 2.0 Hz, IH), 
7.13 (d, J=8.5 Hz, IH), 6.99 (d, J= 9.0 Hz, IH). 6.41-6.46 (m, 2H), 4.23 (t, J=6.0 Hz, 
10 2H), 4.15 (t, J=6.0 Hz, 2H), 3.42 (d, J=16.5 Hz, IH), 3.1 1 (d, J=16.5 Hz, IH), 2.23 
(m, 2H), 2.03 (dq, J=14.5, 7.5 Hz, IH), 1.94(dq, J=14.5. 7.5 Hz, IH), 0.99 (t, J=7.5 
Hz,3H). 

MS (ESI, m/z): 461.2 (M'+l). 

15 

Example 16 

(25)-5-[4-(2-CMoro-4-trifluoromethoxy-phanyl>butoxy]-2-eth3«-2,3-dihydio- 
benzofuian-2-carboxylic acid 




CI 

3) KOH, MeOH 

20 



Step 1. (2S)-5-But-3-enyloxy-2-€thyl-2,3-dihydro-benzofuran-2-carboxyUc acid 
methyl estra:. 

A mixture of methyl (25)-2-ethyl-5-hydioxy-2,3-dihydro-benzofuran- 
25 2-carboxylate (0.22 g, 1.0 mmol), prepared in Exanq>le 10, Step 2, 4-hromo-l-butene 
(1.35 g, 10 mmol) and CS2CO3 (1.63 g, 5.0 nmiol) ha DMF (20 mL) was stirred at 50 
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°C for 16 hrs. The reaction was diluted with ethyl acetate and washed with water. 
After removal of the solvent, the reisdue was purified by preparative TLC to give 0.14 
g (25)-5-But-3-^nyloxy-2-ethyl-2,3-dihydro-benzofuran-2K: acid methyl 

ester. 

5 Step 2. Trifluoromethanesulfonic acid 2-chloro-4-trifluoromethoxy-phenyl ester. 

To a solution of 2-chloro-4-trifluoromethoxyphenol (0.21 g, 1.0 mmol) 
and ethyldiisopropylamine (0.27 g, 2.0 mmol) in dichloromelhane (10 mL) cooled at - 
78 °C was added dropwise trifluoromethanesulfonic anhydride (0.31 g, 1.1 mmol). 
10 The reaction was wanned to 25 °C and concentrated. The residue was triturate with 
diethyl ether and fUteied through a pad of silica gel. Concentration of the filtrate gave 
the title compound, which was used directly for the coupling reaction in step 3. 

Step 3. (2S)-5-[4-(2-CWoro-4-trifluoromethoxy-phenyl)-butoxy]-2-e%^ 
15 benzofuran-2-carboxylic acid 

To solution of 5-[(buten-3-yl)oxy]-2-ethyl2,3-dihydro-l- 
benzofurancarboxylate (0.14 g, 0.50 mmol, prepared in step 1) in THF (5 mL) was 
added 9-BBN (1.0 M THF, 0.55 mL, 0.55 mmol). After 5 hrs at 25 ^C, the solution 

20 was added to a inixture of the triflate prepared in step 2 (0.29 g, 1.0 mmol), 

Pd(dppf)Cl2 (73 mg, 0.1 mmol) and K2CO3 (0.21 g, 1.5 mmol) in DMF (5 mL), and 
the reaction mixture was heated at 60 "^C for 6 h. The reaction was diluted with ethyl 
acetate and washed with water. The organic phase was dried and concentrated Hie 
residue was purified by preparative TLX: (8:2 hexane:ethyl acetate) to give methyl 5- 

25 {4-[2-<5Moro-4-(trifluoromethoxy)phenyl]butyl}-2-ethylbenzo-2,3-d^^ 

carboxylate, which was hydrolyzed with KOH under general conditions described in 
Example 1, Step 4. 

30 
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NMR (500MHz, CD3OD) 6 7.40 (d, J=8.5 Hz, IH), 7.31 (d, J= 1.5 Hz, IH), 7.18 
(dd, J= 8.5, 1.5 Hz, IH), 6.76 (s, IH), 6.65-6.69 (m, 2H), 3.92 (t, J=6.0 Hz,2H), 3.48 
(d, J= 16.5 Hz, IH), 3.17 (d. J=16.5, IH). 2.82 (t, J=6.0 Hz, IH). 2.03 (dq, J=14.5. 7.5 
Hz, IH). 1.94(dq. J=14.5. 7.5 Hz, IH), 1.75-1.83 (m. 4H). 0.99 (t. J=7.5 Hz. 3H). 

5 

MS (ESI, m/z): 459.2 (M*"+l). 

Example 17 

(2R)-5-{3-[2-CWo«v4-(2,2-dimethyl-propyl)-phenoxy]-piopoxy}-2-isopropyl-2.3- 
diliydio-benzofijran-2-caibox5dic add 




Step 1. 2-(2-Fhioro-beiizyl>2-hydioxy-3-methyl-butyiic acid 

1)Mg.Et20 

R = Iso-Propyl 



15 A solution of (o-fluorobenzyl)magriesium bromide ia diethyl ether 

(100 mL), ptepaied ficom the corresponding o-fluorobenzyl bromide (9.45 g, 50.0 
mmol) and magnesium turnings (1.32 g, 55.0 nmiol), was added to a solution of ethyl 
3-methyl-2-oxobutanoate (7.2 g, 50 mmol) in diethyl ether (50 mL) cooled at -78 °C. 
After 30 min at -78 ""C, the reaction mixture was warmed to 0 ''C and poured into 

20 saturated aqueous NH4CL The organic layer was washed with brine, dried and 
concentrated. The residue was dissolved in methanol (200 mL) and kept with 2 N 
KOH (75 mL) for 2 hrs. at 50 ^C. The reaction mixture was diluted with water and 
washed with hexane. The aqueous layer was acidified with 2 NRd, saturated with 
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sodium chloride and extracted with ethyl acetate. Removal of solvents gave the title 
compound. 

NMR (500MH2, CDCI3) 5 7.30-7.35 (m, IH), 7.18-7.23 (m. IH), 7.06 (t, . J=7.8 
5 Hz, IH). 7.00 (dd, J= 7.8, 9.0 Hz, IH), 3.17 (d, J=14.0 Hz, IH), 3.05 (d, J=14.0 Hz, 
IH), 2.18 (m, IH), 1.1 (t, J=7.5 Hz, 3H), 0.90 (t, J=7.5 Hz, 3H). 

Step 2. (±)-5-Hydroxy-2-isopropyl-2,3-dihydro-benzofuran-2-carboxylic acid methyl 
ester 



10 




The title compound was prepared following the procedure described in 
Exan^le 10, Step 2, employing 2-(2-fluoro-benzyl)-2-hydtoxy-3-methyl-butyiic acid 
instead of 2-(2-fluoro-benzyl)-2-hydioxy-butyric acid. 

15 

Step 3. (2R)-5-Hydroxy-2-isopropyl-2,3-dihydro-benzofuran-2-carboxylic acidmeHiyl 
ester 

A racemic mixtuie of the intecmediate prepared in step 2 was sqparated 
by preparative HPLC on a 2.0 x 25 cm Chiracel OD column eluting with 1:9 

20 isopropyl alcohol : heptane with a flow rate of 6.0 ml/min. The fraction corresponding 
to the second peak was coUected and concentrated to give flie title con^und. 
The stereochemistry of the title compound at the chiral center was assigned R based 
on the assumption that the elution order of the two enantiomfflrs on the chiral OD 
column was the same as the elution order of the two enantiomers of the corresponding 

25 2-ethyl-substituted analog described in Example 10, Step 2, where X-ray 

crystallography was used for the determination of the absolute stereochemistry. 



-64- 




wo 2004/010936 PCT/US2003/023430 



NMR (500MHz, CDCI3) 6 6.72 (d, J=8.5 Hz, IH), 6.67 (d, J=3.0 Hz, IH), 6.61 
(dd, J=8.5. 3.0 Hz, IH), 4.82 (hr. s. IH), 3.81 (s, 3H), 3.53 (d, J=16.5 Hz, IH), 3.23 
(d, J=16.5 Hz, IH), 2.33 (m. IH). 1.02 (d, J=6.5 Hz, 3H), 0.97 (d, J=6.5 Hz, 3H) . 

5 Step 4. (2i0-5-{3-[2-CMoK)4K2,2-diniethyl-propyl)-phenoxy]-ptopoxy}-^^^ 
2,3-dihydro-benzofuran-2-carboxylic acid 

The title compound was prepared following the general procedure 
described in Beample 1, Step 4, employing the chiral phenol prepared in Step 3 and 
the iodide prepared in Example 11, Step 1. 

10 

'HNMR (500MHz, CD3OD) 5 7.11 (d, J=1.5 Hz, IH), 6.98 ( dd, J= 8.0, 1.5 Hz, IH), 
6.94 (d, J= 8.0 Hz, IH), 6.77 (d, J=2.0 Hz, IH), 6.65-6.71 (m, 2H), 4.17 (t, J=6.0 Hz, 
2H), 4.11 (t, J=6.0 Hz. 2H), 3.44 (d, J=16.5 Hz, IH), 3.25 (d, J=16.5 Hz, IH), 2.40(s, 
2H), 2.25 (septet. J= 7.5 Hz, IH), 2.19 (quintet, J=7.5 Hz, IH), 1.01 (d, J=7.5 Hz, 
15 3H), 0.94 (d. J=7.5 Hz, 3H), 0.87 (s, 9H). 

MS (pSI. m/z): 4613 (M*). 

Exanq>le 18 

20 (2R)-5-[3-(2-Chloro-4-trifluoroinethoxy-phenoxy)-propoxy]-2-isopropyl-2,3-dihy^ 
benzofuran-2-carfooxylic add 




The title compound was prepared following the gesaeal procedure 
described in Example 1, Step 4, employing the chiral phenol prepared in Example 18, 
25 Step 3 and Hie iodide prepared in Example 3, Step 2. 

'H NMR (500MHz, CD3OD) 5 7.33 (d, J=2.0 Hz, IH), 7.20 (dd, J= 8.0, 2.0 Hz, IH), 
7.15 (d, J= 8.0 Hz, IH), 6.73 (s, IH), 6. 62-6.66 (m, 2H), 4.24 (t, J=6.0 Hz, 2H), 4.11 
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(t, J=6.0 Hz, 2H), 3.44 (d, J=16.5 Hz, IH). 3.18 (d, J=16.5 Hz, IH), 2.22 (quintet, 
J=7.5 Hz, 2H), L02(d, J=7.5 Hz. 3H), 0.89 (d, J=7.5 Hz, 3H). 

MS (ESI, m/z): 497.1 (M^+Na). 



(2R)-5-{3-[2-CWoro-4-(2,2,2-trifluoro-ethyl)-phenoxy]-propoxy}-2-isopn^ 



XO The title compovind was prepared following the general procedure 

described in Example 1, Step 4, employing the chiral phenol prepared in Example 18, 
Step 3 and the iodide prepared in Exanq>le 14, Step 2. 

*HNMR (eOOMHz. CD3OD) 8 7-32 (d, J=1.8 Hz, IH). 7.19 (dd. Ji=8.4, 1.8 Hz, IH), 
15 7.04 (d. J=8.4 Hz, IH), 6.72 (br. s, IH), 6.61-6.64 (m. 2H). 4.20 (t, J=6.0 Hz, 2H), 
4.09 (t. J=6.0 Hz, 2H). 3.42 (d, J= 16.8 Hz, IH), 3.39 (q, J= 10.8 Hz, 2H), 3.2 (d. 
J=16.8 Hz. IH), 2.24-2.17 (m, 3H), 1.00 (d. J=6.6 Hz, 3H). 0.87 (d. J=7.2 Hz. 3H). 

MS (ESI. m/z): 473.3 (M^+1). 



(2R)-5-[4-(2-Chloro^trifluoromethoxy-phenoxy)-butyl]-2-isopropyl-2,3-dihydro- 
benzofuran-2-carboxylic acid 



5 



Example 19 




20 



Example 20 




25 



Step L 4-[2-Chloro-4-(trifluoromethoxy)phenoxy]-l-butene 
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The title compound was prepared following the procedure described in 
Example 16, Step 1, employing 2-chloro-4-(trifluoromethyl)phenol instead of methyl 
(2iS^-2-ethyl-5-hydroxy-2,3-dihydro-benzoftu:an-2--carboxyla 

5 Step 2. (2iJ)-5-[(Trifluoiomethanesulfonyl)oxy]-2-isopropyl-2,3-dihydro-ben 
2-caiboxylic acid methyl ester. 

The title compound was prepared following the preceduie described in 
Example 16, Step 2, employing methyl (2R)-5-hydroxy-2-isopropyl-2,3-dihydro- 
10 ben2o£uran-2-<;arboxylate instead of 2-chloro-4-(trifluoromefhoxy)phenoL 

Step 3. (21J)-5-[4-(2-CUoro-4-trifluoromethoxy-phenoxy)-butyll-24sopi0^ 
dihydro-benzofuran-2-carboxyIic acid 



15 Example 16, Step 3, employing the intermediate prepared in Step 1 instead of 5- 
[(buten-3-yl)oxy]-2-ethyl2,3-dihydro-l-benzofLirancarboxylate and the triflate 
prepared in Step 2 instead of 2-chloro-4-(trifluoromethoxy)phenyl 
trifluoromethanesulfonate, 

20 NMR (500MHz, CD3OD) 5 733 (d, J=2.5 Hz,lH), 718 (dd, J=9.0, 2,5Hz, IH), 
7.08 (d, J=9.0 Hz. IH), 7.01 (br. s, IH), 6,95 (d, 1=8.0 Hz, IH), 6.75 (d, J=8.0 Hz. 
IH), 4.06 (t, J=6.0 Hz. 2H), 3.46 (d. J=16.5 Hz, IH). 3.29 (d, J=16.5 Hz, IH). 2.63 (t, 
J= 7.0 Hz. IH). 2.28 (m, IH), 1.76-1.87 (m, 4H), 1.03 (d, J=6.5 Hz, 3H), 0,96 (d, 
J=6.5 Hz, 3H). 

25 

MS (ESI, m/z): 495.0 (JM'+Na) 

Example 21 

(2/?)" 2-f^rf-Butyl-5-{ 3-[2-cUorp4-(2,2,2-trifluoro-ethyl)-phenbxy]-pr^ 
30 dihydrQ-benzofuran-2-carboxylic acid 



The title compound was prepared following the procedure described in 
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10 



15 



20 



CI 

Step 1. Preparation of 2-tert-Butyl-5-hydroxy-23-dihyAo-benzofii^ 
acid methyl ester 



Me02C ^•"^•^^'^^H 
The title compound was pillared following llie procedme described in 
Example 17, Steps 1, 2 and 3, employing methyl 33-diniethyl-2-oxobutanoate 
instead of methyl 3-methyl-2-oxobutanoate in flie first step. 

NMR (500MHz, CDCI3) 6 6.72 (d, J=8.5 Hz, IH), 6.67 (d, J=3.0 Hz, IH), 6.61 
(dd, J=8.5. 3.0 Hz, IH). 4.90 (br. s, IH), 3.81 (s, 3H). 3.40 (s, 2H). 1.1 (s, 9H). 

Step 2. (2R)- 2-te/t-Butyl-5-{3-[2-chloro-4-(2,2,2-trifluoro-ethyl)-phenoxy]- 
propoxy}-2,3-dihydio-benzofiitan-2-caiboxylic acid 

The tide confound was prqpaied following the general procedure 
described in Exanq>le 1, Step 4, employing the chiral phenol prqjared in stqp 1 and 
the iodide prepared in Example 14, Stop 2. 

^H NMR (500MHz, CD3OD) 5 7.33 (s, IH), 7.20 (d, J= 8.0 Hz, IH), 7.05 (d, J= 8.0 
Hz, IH), 6.79 (s, IH), 6. 70 (br. s, 2H), 4.21 (t, J=6.0 Hz, 2H). 4.12 (t, J=6.0 Hz, 2H), 
3.40 (q, J=11.0 Hz, 2H), 3.39 (s, 2H), 2.22 (quintet. J=7.5 Hz, 2H), 1.07 (s. 91^. 

MS (ESI, m/z): 487.9 (M+l). 

Example 22 

5-{3-[2-Chloro-4-(2,2,2-trifluoro-ethyl)-phenoxy3-ptDpoxy}-2-trifluoromethyl-2,3- 
dihydro-benzofuran-2-cafbox5iic add 
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CI 

Step 1. 5-Hydroxy-2-trifluoroniethyl-2,3-Kiihydro-bciizoto^ acid 
methyl ester 

5 The title compound was prepared following the procedine descnbed in 

Example 17, Step 1 and 2, using methyl 3,3,3-tri£luoro-2-oxopropanoatB instead of 
methyl 3-methyI-2-oxobutanoate in the first st^. 

NMR (500MHz, CDCI3) 5 6.72 (d, J=8.5 Hz, IH), 6.67 (d, J=3.0 Hz, IH), 6.61 
10 (dd, J=8.5. 3.0 Hz. IH), 5.2 (br. s, IH), 3.91 (s, 3H), 3.65 (AB system, J=17 Hz. 2H). 

St^ 2. 5-{3-[2-ChIoro-4-(2,2,2-trifluoro-ethyl)-phenoxy]-propoxy}-2- 
trifluoioniBthyl-2,3-dihydro-bCTZofuran-2-carboxj^ic acid 

15 The title compound was prepared following the general procednie 

described in Example 1, Step 4, employing the phraiol prepared in Step 1 and die 
iodide prepared in Example 14, Step 2. 

NMR (500MHz, CD3OD) 5 7.33 (d, J=1.0 Ez, IH), 7.21 (dd, J= 8.0, 1.0 Hz, IH), 
20 7.05 (d, J= 8.0 Hz, IH), 6.87 (s, IH), 6. 78 (s, 2H), 4.22 (t, J=6.0 Hz, 2H), 4.16 (t, 
J=6.0 Hz, 2H), 3.65 (AB system, J=17.0 Hz, 2H), 3.40 (q, J = 11.0 Hz, 2H), 2.24 
(quintet, J=7.5 Hz. 21^. 

MS (ESI, m/z): 499 (Nf +1). 

25 

:&cample23 
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(2i?)-5-[2<2<;Woro-4-lrifluoromethoxy-phenoxy)-ethoxy 
benzofuran-2-carboxylic acid 




5 Step 1. 2-Chloio-l-(24cKio-eflioxy)-4-trifluorome1hoxy-^^ 



1) BrCHgCOaMe/CsgCOg 

2) DIBAL-H 
Ov^F 3) I2, PhsP, Imidazole 

p ^ 




61 CI 
A mixture of 2-chloro-3-(trifluoromethoxy)phenol (2.13 g, 10.0 
mmol), methyl bromoacetate (1.8 g. 12 mmol) and CS2CO3 (6.5 g, 20 mmol) in DMF 
10 (80 mL) was stirred at 25 ''C for 6 hrs. The reaction mixture was diluted with ethyl 
acetate and washed with water. Removal of solvent give essentially pure methyl 2-[2- 
chloro-4-(trifluoromethoxy)phenoxy]acetate. 

Methyl 2-[2-chloro-4-(tiifluoromethoxy)phenoxy]acetale (2.9 g, 10 
15 mmol) was dissolved in dichloromefliane (50 mL) and cooled to -78 "^C. A solution of 
diisobutylaluininum hydride in CH2CI2 (1 M, 20 mL) was added and the reaction was 
warmed to 25 °C over 30 min. The reaction was quenched with methanol (2.0 mL) 
and poured into 0.5 N aqueous HCl. The aqueous phased was extracted with etfiyl 
acetate and the combined organic layers were washed with brine and concetrated. The 
20 residue was chromatographed on silica gel eluting with 1 : 1 hexanerethyl acetate gave 
2-[2-chloro-4-(trifluoromethoxy)phenoxy]ethanoL 

2-[2-Chloro-4-(trifluoromethoxy)phenoxy]ethanol was converted to 
the title compound following the general procedure described in Example 1, Step 3. 

25 
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Step 2. (2i?)-5-[2-(2-Chloro^-tiifluoromethoxy-phenoxy)-ethoxy]-2-isopropyl-2.3- 
dihydro-beazofuran-2-carboxylic acid. 

The title compound was prepared following the general procedure 
5 described in Example 1 , Step 4, employing the phenol prepared in Example 17, Step 3 
and the iodide pr^aied in Step 1. 

*H NMR (500MH2, CDQa) 8 7.30 (d. J=2.5 Hz, IH), 7.12 (dd, Ji=9.0, 2.5 Hz. IH). 
7.00 (d, J=9.0 Hz, IB). 6.83 (d, J=2.5 Hz, IH). 6.81 (d, J=i>.0 Hz. IH), 6.78 (dd, 
10 Ji:=9.0, 2.5 Hz, IH), 4.36 (t, J=6.5 Hz, 2H), 4.14 (t, J=6.5 Hz, 2H). 3.56 (d, J=16.5 Hz. 
IH), 3.33 (d, J=16.5 Hz. IH), 2.32 (m, IH). 1.09 (d, J=7.0 Hz. 3H). 1.02 (d. 1=7,0 Hz, 
3H). 

MS (ESI, m/z): 459.1 (M^-1) 

15 

Example 24 

(2l?)-2-fgrf-Butyl-5-[2-(2-chloro-4-trifluoromethoxy-phenoxy)-ethoxy]-2,3-dihydro- 
benzofuian-2-caiboxylic add 



described in Example 1, Step 4, employing the phenol prepared in Example 21, Step 1 
and tiie iodide prepared in Example 23, Step 1. 



*H NMR (600MHz, CD3OD) 8 7.33 (br.s. IH), 7.17-7.21 (m, 2H). 6.77 (br. s. IH), 
25 6.67-6.63 (m, 2H), 4.35-4.32 (m, 2H), 4.26^.23 (m, 2H). 3.46 (d. J=16.2 Hz, IH), 
3.35 (d. J=16.2 Hz, IH), 1.04 (s. 9H). 




20 



The tide conq>ound was prq)ared following the ^eral procedure 



MS (ESI. m/z): 473.1 (M*-l). 
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WHAT IS CLAIMED IS: 

1 . A compound having Fonnula I, or a phannaceutically 
acceptable salt thereof, wherein 

A V 
HO2C O^/^ 34 r><? 



A 

I 

R is selected from a group consisting of 

(a) C1-C6 alkyl, which is optionally substituted with 1-5 halogras 

10 independently selected from F and CI, and 

(b) -(CH2)0-2C3-C6 cycloalkyl, wherein said cycloalkyl is 

optionally substituted with 1-2 groups independently selected 
from halogen, CH3, and CF3; 

15 is selected from a group consisting of 

(a) a 

(b) F, 

(c) Ci-<:4alkyl, which is optionally substituted with 1-5 halogens 

20 independently selected from F and CI, and 

(d) -(CH2)0-2C3-C6 cycloalkyl, wherein said cycloalkyl is 
optionally substituted with 1-3 groups independently selected 
from halogen, CH3, and CF3; 

25 R^ is selected fix>m a group consisting of 

(a) -OCi-Cealkyl, which is optionally substituted with 1-5 

halogens independently selected from F and CI, 

(b) -SCi-C6alkyl, which is optionally substituted with 1-5 

30 halogens independently selected from F and CI, 
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(c) (CH2)0-3C3-C6cycloalkyl, wherein said cycloalkyl is 
optionally substitxited with 1-3 groups independently selected 

from halogen, CH3, and CF3; and 

(d) Ci-Cealkyl, which is optionally substituted with 1-5 halogens 

5 independently selected from F and CI; 

Each R3 and each R4 is independently selected from a group 
consisting of H, CI, F, and Ci-Csalkyl, whetem Ci-Csalkyl is 
optionally substituted with 1-3 halogras independently selected fix)m 
10 QandFr 

The substutuents A may be alike or different and are each 
ind^endently selected from the group consisting of : 
(a)H, 

15 (b) Halogen, 

(c) Cl-C6alkyl, which is optionally substituted with 1-5 halogens 

independently selected from F and CI, and 

(d) -O Ci-C6alkyl, which is optionally substituted with 1-5 

halogens independently selected from F and CI; 

20 

The substutuents B may be alike or different and are each 
independently selected fix>m the group consisting of : 

(a) H, 

(b) Halogen, 

25 (c) Ci-C6alkyl, which is optionally substituted with 1-5 halogens 

independently selected from F and CI, and 
(d) -O Ci-C6alkyl, which is optionally substituted with 1-5 

halogens independently selected from F and CI; 
30 X and Y are independently selected fix>m O, S, and CR3r4; and 

n is an integer from 1-3. 
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A compound according to Claim 1, wherein X and Y are each 
independently selected from S and O. 

A compound according to Claim 2, wherein X and Y are O. 

A compound according to Claim 1, wherein each R3 and each 
R4 is independently selected from H, CI, F, CH3, and CF3. 

A compound according to Claim 1, wherein R3 and R4^ are H. 

A conq)Ound according to Claim 1, wherein R is C1-C4 alkyl, 
which is optionally substituted with 1-3 F. 

A compound according to Claim 1 , wherein each A and each B 
is independently selected from the group consisting of H, CI, F, 
Br, CH3, CF3, •OCH3, and ^OCFs- 

A compound according to Claim 7, wherein each A and each B 
areH. 

A compound according to Claim 1, wh^in Rl is selected from 
the gtoi^ consisting of CI and C2-C4alkyl, which is optionally 

substituted widi 1-5 halog^s independmdy selected from F 

and a. 

A compound according to Claim 9, whoDein Rl is selected fiiom 
CI and C2-C4 alkyl. 

A compound according to Claim 1, wherein R2 is selected from 
the group consisting of Ci-C5alkyl, -OCi-Csalkyl, and -SCi- 
Csallcyl, wherein Ci-C5alkyl, -OCi-Csalkyl, and-SCi- 
Csalkyl are optionally substituted with 1-5 F. 

A compound according to Claim 1, wherein n is 2-3. 
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13. A compound according to Claim 1, or a pharmaceutically 
acceptable salt thereof , wherein: 

R is C1-C4 alkyl, which is optionally substituted with 1-3 F; 

5 

is selected from the group consisting of CI and C2-C4alkyl; 

R^ is selected from the group consisting of Ci-Csalkyl, -OCi-Csalkyl, 
and -SCi-CsalkyI, wherein Ci-Csalkyl, -OCi-Csalkyl, and -SCi- 
10 Csalkyl ate optionally substituted with 1-5 F; 

R3,r4, A, andBaieH; 
X and Y are O; and 

15 

nis2-3. 

14. A compound according to Claim 1, named below, or a 
pharmaceutically acceptable salt thereof: 

20 

5-{3-[2-Chloro-4-(2,2,2-trifluoro-ethoxy)-phenoxy]-propoxy}-2-m^^ 
benzofuran-2-carboxylic acid, 

5.{3-[4-(2,2-Dimethyl-propyl)-2-propyl-phenoxy]-propoxy}-2-meA^^ 
25 benzofuran-2-caiboxylic acid, 

5-[3-(2-Chloro-4-trifluoromethoxy-phenoxy)-propoxy]-2-methyl-2,3-dihydro- 
benzofuran-2-carboxylic acid, 

30 5-{3-[4K2,2-Dimethyl-propyl)-2-propyl-phenoxy]-piopoxy}-2-ethyl-2,3-dihyd^^ 
benzofuran-2-carboxylic acid, 
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2-Ethyl-5-[3K2-propyl^trifluoromethylsulfanyl-phenoxy)-propoxy]-23^^ 
beiizofuran-2-carboxylic acid, 

5-[3-(2-<^Moio-4-tiifluoromethylsulfanyl-phenoxy>pro^ 
5 benzofuran-2-carboxylic acid, 

5-[3-(4-fe7t-Butyl-2-K;Woro-phenoxy)-propoxy]-2-ethyl-2,3-^ 
caiboxylic acid, 

10 5-[3-(2-<Ihloio-4-tiifluQromethyl-phenoxy)-propoxy]-2-^thyl-2,3-^^ 
2-^atboxylic acid, 

5- { 3-[2-Chloro-4-(l , lHiimethyl-propyl)-phenoxy]-propoxy }-2-ethyl-2,3-dihydro- 
benzofuran-2-carf)oxylic acid, 

15 

(25)-5-[3-(2-CWoro-4-trifluoromethoxy-phenoxy)-propoxy]-2-^fl^^ 
benzofLiran-2-carboxylic acid, 

(25)-5-{3-[2<Moro-4-(2,2-<iimethyl-^pyl>phCT^ 
20 beiizofiiran-2-caiboxylic add, 

(25)-5-{3-[2-adoro-4-(2,2,2-ti±Quoio-ethoxy)-^^ 
dihydro-beiizofUian-2-caiboxyIic acid, 

25 (25)-5-{3-[2-adoro-4-(3,3,3-tiifluoro-prGpyl)-phenoxy^ 
dihydro-benzofuraii-2-carboxylic acid, 

(25)-5-{3-[2-CMoro-4-(2,2,2-trifluoro-ethyl)-phenoxy]-pro^ 
benzofuran-2-carboxylic acid. 



30 
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6-[3-(2-CUoro-4-trifluoromethoxy-phenoxy)-propoxy]-2-^thyl-23-dihy 
benzofuraii-2-carboxylic acid, 

(2S)- 5-[4-(2-Chloro-4-trifluoromelfaoxy-phenyl)-buto^ 
5 benzofuran-2-carboxyUc acid, 

(2R)-5-{3-[2<Woro-4-(2,2-<iimethyl-propyl)^^^ 
dihydio-benzofuran-2-carboxylic acid, 

10 (2R)-5-[3K2-CWoro-4-trifluoromefhoxy-phenoxy)-propox 
beiizofuran-2-caiboxylic acid, 

(2J?)-5-{3-[2-CWorc>-4-(2,2,2~trifluoro-ethyl)-phenoxy]-pro^ 
dihydro-ben2ofui:aii--2-carboxylic acid, 

15 

(2/?)-5-[4-(2-Chloro-4-trifluoromelhoxy-phenoxy)-butyl]^^^^ 
benzofuran-2-caiboxylic acid, 

(2R)-2-/ert-Butyl-5-{3-[2-chloro-4-(2,2,2-tiMuoro-et^^^ 
20 dihydro-benzofiiran-2-carboxylic acid, 

5-{3-[2-CUoro-4-(2,2,2-trifluoro-^thyl)-phenoxy]-propoxy}-2-t^ 
dihydro-benzofuian-2-caxboxyIic acid, 

25 (2R>5-[2-<2-CUoro-4-trifluoromeflioxy-phenoxy)-e 
benzofuran-2-carboxylic add, and 

(2i^)-2-fer^Buty^5~[2-(2-chloro-4-trifluoromethoxy-phenoxy 
benzofuran-2-carboxylic acid. 

30 
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15. A compound selected from the group consisting of the 
compunds below, or a pharmaceutically acceptable salt thereof: 



5 



10 




15 
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10 



16. A phannaceutical composition comprising a compound of 
Claim 1, or a phamiaceutically acceptable salt tiiereof, and a phannaceutically 
acceptable carder. 

15 

17. A phannaceutical con:q)osition consisting essentially of a 
compound of Claim 1, or a phannaceutically acceptable salt thereof, and a 
pharmaceutically acceptable carrier. 

20 18. A method for treating one or more lipid disorders, selected 

from the group consisting of dysHpidemia, hypercholesterolemia, hyperlipidemia, 
hypertriglyceridemia, low HDL levels, and high IDL levels in a patient in need of 
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such treatment which comprises adininistering to said patient a therapeutically 
effective amount of a compound of Claim 1. 

19. A method for treating dyslipidemia in a patient in need of such 
5 treatment which comprises administering to said patient a therapeutically effective 

amount of a compound of Claim 1. 

20. A method for raising low HDL levels in a patient in need of 
such treatment which comprises administering to said patient a therapeutically 

10 effective amount of a compound of Claim 1. 

21 . A method for reducing hi^ LDL levels in a patient in need of 
such treatment which comprises administering to said patient a therapeutically 
effective amount of a compound of Claim L 

15 

22. A method for treating obesity m a patient in need of such 
treatment which comprises administering to said patient a tiierapeutically effective 
amount of a compound of Claim 1. 

20 23» A method for treating atherosclerosis in a patient in need of 

such treatment which comprises administering to said patient a therapeutically 
effective amount of a compound of Claim 1. 

24. A method for reducmg the risk of developing atherosclerosis in 
25 a patient at risk of developing atherosclerosis which comprises administering to said 

patient a therapeutically effective amoimt of a compound of Qaim 1. 

25. A method of treating one or more diseases, disorders, or 
conditions in a patient in need of such treatment or control, wherein the disease, 

30 disorder, or condition is selected fiom the group consisting of (1) lipid disorders, (2) 
dyslipidemia, (3) hyperlipidemia, (4) hypertriglyceridemia, (5) hypercholesterolemia, 
(6) low HDL levels, (7) high LDL levels, (8) atherosclerosis and its sequelae, (9) 
obesity, including abdominal obesity (10) vascular restenosis, (11) retinopathy, (12) 
non-insulin dependent diabetes mellitus (NIDDM), (13) hyperglycemia, (14) 

35 impaired glucose tolerance, (15) insulin resistance, (16) irritable bowel syndrome, 
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(17) inflammatory bowel disease, including Crohn's disease and ulcerative colitis, 

(18) pancreatitis, (19) other inflammatory conditions, (20) neurodegenerative 
disease, (21) Alzheimer's disease, (22) psoriasis, (23) acne vulgaris, (24) other skin 
diseases and dennatological conditions modulated by PPAR, (25) high blood 

5 pressure, (26) cachexia, and (27) the metabolic syndrome, said method comprising 
the administration of an effective amount of a compound of Claim 1. 

26. A method of treating one or more diseases, disorders, or 
conditions in a patient in need of such treatment or control, wherein the disease, 

10 disorder, or condition is selected j&om the group consisting of (1) lipid disorders, (2) 
dyslipideniia, (3) hyperlipidemia, (4) hypertriglyceridemia, (5) hypercholesterolemia^ 
(6) low HDL levels, (7) high LDL levels, (8) atherosclerosis and its sequelae, (9) 
obesity, including abdominal obesity (10) vascular restenosis, (11) retinopathy, (12) 
non-insulin dependent diabetes mellitus (NIDDM), (13) hyperglycemia, (14) 

15 impaired glucose tolerance, (15) insulin resistance, (16) irritable bowel syndrome, 

(17) inflammatory bowel disease, including Crohn's disease and ulcerative colitis, 

(18) pancreatitis, (19) other inflammatory conditions, (20) neurodegenerative 
disease, (21) Alzheimer's disease, (22) psoriasis, (23) acne vulgaris, (24) otber skin 
diseases and dermatological conditions modulated by PPAR, (25) high blood 

20 pressure, (26) cachexia, and (27) the metabolic syndrome, said method comprising 
the administration of an effective amount of a compound of Claim 1, and one or more 
compounds selected from the gjcoup consisting of: 

(a) PPARy agonists and partial agonists; 

(b) PPARo/y dual agonists; 
25 (c) other PPARa agonists; 

(d) PPAR5 agonists; 

(e) Biguanides; 

(f) protein tyrosine phosphatase- IB (PTP-IB) inhibitors; 

(g) dipeptidyl peptidase IV (DP-IV) inhibitors; 
30 (h) insulin or insulin mimetics; 

(i) sulfonylureas; 
(j) a-glucosidase inhibitors; 
(k) glucagon receptor antagonists; 
(1) glycogen phosphorylase inhibitors; 
35 (m)l l"Beta-HSD type 1 enzyme inhibitors; 
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(n) 11-Beta-HSD type 1 receptor antagonists; 

(o) exendin-4, exendin-3, GLP-1, GLP-1 mimetics, andGLP-1 

recqptor agonists; 
(p) GIP, GIP mimetics, and GTP receptor agonists; 
5 (q) PACAP, PACAP mimetics, and PACAP receptor 3 agonists; 

(r) HMG-CoA reductase inhibitors; 
(s) Bile acid sequestrants; 

(t) nicotinyl alcohol, nicotinic acid or a salt thereof, 
(u) ezetimibe and other mhibitors of cholesterol absorption; 
10 (v) acyl CoAxholesterol acyltransferase inhibitors (ACAT inhibitors); 

(w) phenolic anti-oxidants; 
(x) ileal bile acid transporter inhibitors; 
(y) agents intended for use in the treatment of inflammatory 
conditions; 

15 (z) antiobesity compounds; 

(aa) thyroid hormone mimetics; 

(bb) LXR agonists; 

(cc) ESR agonists; 

(dd) PLTP mhibitors; 
20 (ee) CETP inhibitors; 

(ff) glucocorticoids; and 

(gg) TNF sequestrants. 

27. A method of treating one or more lipid disorders selected from 
25 hypercholesterolemia, atherosclerosis, low HDL levels, high LDL levels, 

hyperlipidemia, hypertriglyceridemia, and dyslipidemia, which method comprises 
administering to a patient in need of such treatment a therapeutically effective amount 
of a compound of Claim 1 and a therapeutically effective anK)unt of an HMG-CoA 
reductase inhibitor. 



30 



28. The method as recited in Claim 27, wherein the HMG-CoA 
reductase inhibitor is a statin, which is selected from the group consisting of 
lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin, itavastatin, ZD-4522, 
rivastatin, and rosuvastatin. 



35 
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29. A method for reducing the risk of developing atherosclerosis in 
a patient at risk of developing atherosclerosis comprising the administration to said 
patient of an effective amount of a compound of Claim 1 and an effective amount of 
an HMG~CoA reductase inhibitor. 

5 

30. A phannaceutical composition comprising (1) a compound 
according to Claim 1, (2) one or more compounds selected from the group consisting 
of: 

(a) PPARy agonists and partial agonists; 
10 (b) PPARo/y dual agonists; 

(c) othra-PPARa agonists; 

(d) PPAR8 agonists; 

(e) Biguanides; 

(f) protein tyrosine phosphatase-lB (PTP-IB) inhibitors; 
15 (g) dipeptidyl peptidase IV (DP-IV) inhibitors; 

(h) insulin or insulin mimetics; 

(i) sulfonylureas; 

(j) a-glucosidase inhibitors; 
(k) glucagon receptor totagonists; 
20 (1) glycogen phosphorylase inhibitors; 

(m)ll-Beta-HSD type 1 enzyme inhibitors; 
(n) 11-Beta-HSD type 1 receptor antagonists; 
(o) exendin*4, exendin-3» GLP-1, GLP-1 mimetics, and GLP-1 
TGceptOT agonists; 

25 (p) GIP, GIP mimetics, and GIP receptor agonists; 

(q) PACAP, PACAP mimetics, and PACAP receptor 3 agonists; 
(r) BMG-CoA reductase inhibitors; 
(s) Bile add sequestrants; 

(t) nicotinyl alcohol, nicotinic acid or a salt thereof; 
30 (u) ezetimibe and other inhibitors of cholesterol absorption; 

(v) acyl CoAxholesterol acyltransferase inhibitors (ACAT inhibitors); 

(w) phenolic anti-oxidants; 

(x) ileal bile acid transporter inhibitors; 

(y) agents intended for use in the treatment of inflammatory 
35 conditions; 
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(z) antiobesity compounds; 

(aa) thyroid hormone mimetics; 

(bb) LXR agonists; 

(cc) EXR agonists; 

5 (dd) PLTP inhibitors; 

(ee) CETP inhibitors; 

(ff) glucocorticoids; and 

(gg) TNF sequestrants; and 

(3) a pharmaceutically acceptable carrier. 
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